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[4*m**©«&H] 

[if** 1 1 *«©ajB*Sr*4i-sajE3t»^#« 

(i) &m%., mEb&ft&tkmm (D *»6>w***i,« 

iJfc^T'f^ (2) Ke»S*t*fll*3ti: 
Sr-a-gE b T £ y t >f U# ;i 5 9 ^±f *I 

»ot, meajBttas^a (i) iJ7 7 ^Mn 

—Ms DFB M> DBR *fXi*M0PA (3) & 

fc©i:U J.o*«Wfcft©|IWll«r6nm «±35nm«Tt-t- 

[if** 2] «ak<oafi*ttf»fc>«ft*s**©fc©i:* 

/h©t>©i©8£:ft©S£-100nii> b&W&b 
-T51t** 1 fcE*©?T Vig4>§3§ 0 

[«**3] nfi%*£?tt (i) «»»>*■$«*©» 

e3t*3fe7r-f^ (2) fcS!VNKH*S2*lHifc«ib 

» ** 1 xf*tf ** 2 {ciB«ro 7^ >mm&o 

[If** 4] ®jg)t^?S (1) {4«^©aS^Sr2 
!t2o©M*S:)t7r-1'^ (2) (cSVJcSft^;* 

fcuz&m-rzmz brtr t tr#?sfc-r5if**3 tie* 

[It** 5 ] A;Wfe;5a*fcfcl7J3t£^=* U *©***|c 
»<JV%rajB3l6»4*« (1) ©#»«3I£a«J7— fcffl* 
bT, W^j36^-«y-*Br*«l!i«offlA3ft^l7-««p* 
© (4) %«jfc5r*fc4W£i^5lt**lJ&SI»#* 
4©v >-f*T,»>fc:iE*fe© 7 t ^litiSS. 

[if** 6] ttWJftSr^^U ^©j&nycg-^-ca 
(1) ©4H»JB3fe'<!7--*1(«|ibT, id« 

(4) *«*.5^i*w«tr*iiww9ii»5i»*«5© 

[If** 7] mt>%'<V—im^WL (4) tt» UJ*36d» 
SP x. fc^*©»E*3fe(J:^iS b X t> »S)t * 

(1) ©*M^<!7—&1M#P^a *©-?*>*£*«:# 
» t -f 5 if** 5 Xfcilf ** 6 fcfB*© 7 ^l«i|gS5 0 

[It** 8] ffl**^I7— (4) tt, ffl737fea* 
e>^ttbfc^=^)feSr3EfcSije3til^afc»c^iBb-C. 

ix.5«icajgM4ft (i) v>&mmft'<v-&m 
w-rz t<ot?fe5^i 5 xi*if ** 

[it** 9] A^^^-tta^x^-iSr^n^ 



3t^!7— «|»^« (4) SHI*.*;: ■*-£»# 
* 1 75SIS** 8 ©v ^ *l;W::|E«?© 7 v^ttNHft. 

m*sio] a«^^#a d) i^r/Ho- 
>?i$<D$L&&&tm<ofi\.&mmm (5) £fg(7-c#i/& 

t5ri SrWfti: 1 75Slt** 9 ovvftt* 

tcE*©?^ 

[lf**l 1] aiEMS^^a (1) l^rT'y^n- 
S!©ij£SW*:u— ?* (3) ©a^WfettfiftSHMfc^j**- 
10 5fc©©iIfc£-/£& (6) SrK!»t-C«^f -5 r b Sr#m 

<t bfc»** i jimm ** 1 o ©v^n^miE«©7-r 

[ft** 1 2 ] J&jettl&^a ( 1 ) », Ty/N^iy 

T#/&i-3ri£-4#m^5lf**i;^lt**l 1© 

[If** 1 3 ] «&®£90&lH]i|B-t-5<Ii&®lH]ifE^a 
(7) 3t7r^^ (2) iaafi365Mfe*« 

( i ) -e3§£ $ ttfc«is:©®e3ie t wtE«&ffi[Hi«s^a 
20 (7) iz£vffi$Lm*9om®mzhtz.mmG-mj&ftbm 

«©9^^*iiliS„ 

[it** 1 4 1 i«ffiffi©3t7 t4'< ( 2 ) te^mmmm 

^n2^3.5E-20 [m2 / W] K±"?fe5i tSr#«tt5 
Iff** 1 75^lt** 1 3©V>i*^MC|H«©7^>'iSi|@ 

So 

[is** 1 5 ] mmm <o%y 7 ^^ ( 2 ) ^e^ss©- 

b bT#?£-r5 1> ©-efc ^ £ t tr¥fm b T 5 IS ** 1 

30 jbmm ** 1 4 ©v ^*u*»kc«© ? ^ ««. 

[ff**16] iii|lffi©7r-T^ (2) fcbTSMF b-2 
0/ps/nm/kn*^©^fi: $:^o 7r-<-'^Srfflv^5ri:S'# 
®t-rSfS**l^Mff**l 5©V^^*>tffi«©7 

[If** 1 7 ] if** 1 6 {c|EiE©7^ l"*«#fc::J8V* 
T, -20/ps/nm/km*^©^ftSrSFO7r-l'^* : >^SMF — 

[|f**18] «fflf©*7r'f^ (2) 
40 S-r5fca6©e^7r-i'^/6»i=>5S5l:bfefc©-efo9^ 
l^eiUffl 7r-f^t tcffli ArTIB ^ 9 ^ v*t ffi-ffl 7 r -Y '< 
b bT#i5El-St>©-C$>Sii;Sr#mt-f-5lf**l^ 

sn ** 1 4 ©v N-rn*^i5«© 7 ▼ vjihb*. 

[ffl}**19] 3t77'f/W (8) ^{c»A$nx 

wje^r-Y^aw (8) {c*5jtsa^^««-r^>7fc^ 

iStfcot, lf**l^ft**l 8©V^^(w|E 

«©7^^*i«ig o) $r«x: x my-^^mm^ (9) 

50 [»** 2 0 ] If** 1 9 JclB*©7t^m«iC43V^-C, 



3 

7"r>mnt# O) ©»*»«#*# 7 rw-^eaw 

(8) (CA&fU *7r W'<e38l& (8) C*ift57? 

[if ^2 1 ] MMBgl 9fc|B«©*t>«l#k:i8V^, 
y-rV^IS (9) ©m«Xtt*«Xtttlr*Pf«fc*± 
aB*fll7x (10) «r«*.6r. bZ&®b-r 

[|»*3g2 2 ] »*gj2 1 Rl|B«©3t«t>«#lcd3V>T» 
?^-vit«» (9) flWBW«B36t#±HWlD7 r-f-^ 
JftflH* (10) ©fi&j^fc LTJWfl-*-* fc-T 

[flt*«2 3] %-7t4*&&» (8) <Hc*fA£ixT 

myt7r^^m^ (8) tc^tf* s 
^wtJjot, i rsm** i 8©wr*ws> 

(2) fc»«*MMl7r-</<*fli^-c*7r-r-^eaW 

(8) K^it^ftjbWfctwfltL. jt^r-f/^eaK 

(8) RXfi%-7T'fs< (2) K:*srt*JIWc©— flJXtt^ 
T Sri §r$HSc 4: -f 5 3t f «h 

(8) KA&ru x^rv^sagft (8) icastts?-*' 
v*iiea*«rfWBi-*r. t £#®i-r*iti*gi2 1 ice 
«©# 

[I*** 2 5 ] 8S*5[2 3 lcfE«©7fe*«fcS&l£*5V^-C, 

7-*>vjm«« o) ©ttj^H*axr4t&*w»fc*± 

[f»jfc«2 6] 8f*«2 5 BHB«©3t«fi(l»K:48V^, 
(10) ©jajaj6i:UTJM«i-*r4:*»«i:i--5*f 

(2) ^AA^/KOWR77^^ (2) idSff 
«»*©a»Srlfll*7rWV< (2) (c*5lt^7-^VJe© 
fcJ:!>4lMrL-C, JS**7r-f^ (2) i>feoffl*«r»f 

«tK«o«»¥i*i*5c t t 2 

3 75MIS*9 2 6 ©V ^i"tud»JC|Stt©7fe1'«l«. 

(2) {C*3lt5a^X(±ftJ#?rl^7t7ri'^ (2) |C:}3 
It & 7-v ^JJMBlc <fc 9 toOt LT — 
^SiiSr#^t-r5W*«2 3 7SS»#912 6©v^ 

[ff*«2 9] #±35MSao7rwv<*B«B# (10) ©#U 

(9) ©*J»fcJ:oT«f» 

21, 22, 25, 26. 27, 2 8 ©V^-ftUMC|a«6 
©Tfcti&SSo 

[fit#«3 0] t±SHMi77'f^lU do) <om 
WoaSttffttSr^-^^HIS* (9) ©#U»©&S## 



(3) 4$BS 2000-98433 

4 

1, 22, 25, 26, 27, 28, 2 9 ©VN-fft^fc: 

[M&K3 1] 3fc7r-f'<e29S (8) <PK:»A£;h,T 
mK?T (8) Ki*srtS!IUfei**3WSSr1t 
flrr5#«M**-e*>oT\ ttfi3fc©«*#i*— 
■^Vlfffi* (9) l^7^^Jt«S5l (9) otftffc 

xr±«iWttm*w»iE*idH«ain7r'f^ii«HB (1 

0) Sr**.3wi:«rW*2:U 7 ▼J'**!* (9) ©if 
10 «fl©*7r-f'< (2) K»fti«JB77'f^tfflv^ 

[11*93 2] »*S3 llce*©3fc«M*Bfc:*5V*-C, 
(9) ©»«©&# «r#±S85ap 7 r-f'< 
(10) ©Jgi®7t^LT*iJffii-«ri:Sr#®ca:i- 

[St*«3 3] fS*B3 1XI4«I#B3 2KHB*©** 

©3te7TW>* (2) ^©A7JW</v©^1!hS > |^7 7-'('.'< 
(2) fc*jrtsa*aE»«rlW7rW^ (2) {c*5l**7 

20 ^^mmKXQffimvx. muster*'* (2) *»<=>© 

[f|3ft>S 3 4 ] 81*9 3 1 *« 3 2 (c|S«©7t* 

0«77-f/< (2) Ri*rt5lHifeXB*M»*rlHl7r-f/< 
(2) fcj8rt*9^v*B*»!:J:9*tfltur0f«:«Ki*o 

[M*9 3 5 ] if** 3 1 Xttlf 3 2 fcB*M>3fc«t> 
»Bfc*^-C, *±**&II7 T-f '<HMH* (10) ©3PJ 

30 #£— x^viiifBg (9) ©3pJ#|cJ:o-C* 

So 

[*8Bli©#ili*fWI] 
[000 1] 

•C«#3t©l««K« 5lti5-e#57-v vfcfflS t *n 
SrffiV»fe>tt"«l«^Ba-rs f>©Tr*> 9 . 4»£&jHMH£ 

fi7t©*Biisfcia't-s fc©t?&5. 

[0 0 0 2] 

40 [&*©&ffi] affi©7t7r'i'^il^I->^7 i A-e^$ 

-5) *tJ:<«v^fe*t5. UA^L, BDPAOXAM^EflHME 
«^ttl530rani»f>1610nmSS-CS>5. (##3titt : Elec 
tron. Lett, vol.33, no. 23, pp. 1967 - 1968) 
EDFAIif)J#{CSES«#tt?r^-o T*5 (3 , 
^c:fflv^5«^•, «■§*©«*£ J: oTfWfcjtasffl 3. 
0 2 3 ttEDFA©*U#KSflE ; i¥tt©— PJSr* L-fc t> ©t?4> 
50 3dS, 1540nmWTtl560nm^±T?li:#{cStftlC*f-rSflJ 
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[0 0 0 3] *l#«waft:7-f A'^H*J»* s *#V^fcJt© 
S:LTV»5. <I.U EDFAttB 2 4 ^i-«6JJUp^J#© 

-YA"fcSe*>.5©T\ r©»^\ *®5fefiJ#¥ffl^7^^ 

Sti/TV-B^a-lctt* EDFA©fU##3Ertrf 3 

[0 0 0 4] 3fel|i«»fcH:3t 7 ^©9 

ifcSfc : Nonlinear Fiber optics, Academic Press) „ 7 
^^■•BttBfi3ft©»«aRJ: 9 t>S&13THz ©V^jffi* 
tdfij#©tf— ^Sr^o„ «T©lSi&t?tt^ 1400nm^©Si 
e3t*4fcfflLfc«^*IWStU ifcl3THz ffiV^jfeSc* 
jfolOOnm *VHft*i: H 2 5 fc+ 'L4ftA^1450 

nm©M>j£3fc Srffi V >*: t # ©f«»©«*0E#ttfc;S1-. - 
© £ t *U#© tT— ^ l*1550nm-Cfc t) s fU#flBSldB £lf*i 
©W«*»420imaaE-e*S. 9-W*>«»ttaWH36«S 

EDFA-eifi|Si-5*©-et^v^*^-e©ftffl^^l:: 

fcttSJva^S. ^-©— £\ 7-^Vli®SttEDFA©flJ# 
JWTeHJBVNfeivCV^VN, r*LH7-^^*eii«^BDFA 
t ^©ffj#Sr#5fc«>^J; 9 *#V^Siijg)fe^ 
Sii-Sfc«>-efc5„ iD^.Tx ©©jg^tSr 

7^i«B*©#Jfl«rJ*L<L-CV^3. 4#B8¥2-12 

[0 0 0 5] Sfc, 9^vMIB««*J#fc{B«*#ttSr 

[000 6] r ©{&> 77 ^K#tt$j«tttt©&*:t> 

0FC98, PD-6 ) 0 La>L&as<bx fU&«g«:ldB «T»- 
[0007] tt*; #7rwv^£&K:fc^T3g:£-r5 

iJxttErWUP^rW^JBWS (EDFA) b$L&5m*ffi& 
•tZ>tc#><Dfr®;ffi&m-7T'<s< (DCF ) Sr»*-g-fc^rfc 



(4) #M 2000-98433 
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$ „ HI 4 6 (iw ©«#«-?*> 9 . ^tfeffl«ffi 7 
rWV<A#2o©Er8SJP7r-1'' <? it*B*B, CT?J)5^^x. 

t * o x v * 5o mi ©Er^p 77^ ^mwm B ft 

{£ l^'</U©'»-§-)feSrJttJ«JiSV > U"</HCigiti-f 5 h ©f 
2 ©ErSstfP 77-f^fSC tt#«*t* 77^^*ACfc 

[0 0 0 8] ir-5-e«HB« , t , »»»4x *©KW-fcKL 

KtSM^fc!), »t««l77-<^ACA 

■TZt, ^ti«l77^/'!Atr©*»I©^ 

5. w©4Mft««ffi7r-f^A-©A^i7-©±ISii[ " • ' 
it. l&e^icteae&ffl^fs (spm ) wdm e 

M^lttBSl^ffl^P (XPM) 3a**«t«»B3fc*oT 

[0 0 0 9] 04 7lt4 3 ^Srt«5^d3{tS^U"</^-1' 
T^7ASr*bfct>©-t?fc5c *l©Er»9P7r>r-^ii 
i|>ISB©*lJ#Gl [dB] \ts f iffAA J^/WPin [dB] i 
»«*MI« 7 r^f^ A^©A*±RMtPd [dB] ©MtcfS: 
^2©Er^D7ri'^iiitg«C©flJ#G2 [d 
B] I4x fr&ffi&m -7 ys('* A fc*3lt^a^Ld [dB] 

^«!5iflJ#Gr [dB] fc, 01©ErjSB56P7r^^*iffi 
30 SB©fU#Gl [dB] i^feGr+U-Gl [dB] \£Wtfe£tl 

© x i^-^AHlJlGl [dB] , G2 [dB] ttUfctK =Blo 

Er^JP7r-l'^lt'li^B, CI*5/^^Afe(c:SlSff 
•T^^fcSo r© J: 5 ttV^^AKisWSJHHWt 

i*. &mffimm7T4s<A\z&nz&$dA [dB] i:^iiv^ 

ffl77--f^A©a*©tfbo#Srs Er^AP7r-1'^it*I 
SB^C©fiJ#^k$-fr-C««rUfe9. JBU^IEM« 

[0 0 10] 

l&W #Mfc b «t 5 t -T ^ ^M] 316 7 r -f ttEr 
^P)fc 77'f /^±i"li^l* 5 ^S LTV^ii, Er^P^fe 7 T 
-r^itl|SI&{-t>V^<o^©^M^sfe^ 0 7-^v-if 
WSt-ISiW* 2 ! 4 **^— ^©W^J^ioo ;4^200mW S 

myt<Ds<7~-*?&&<v&fcizwt.mx-3bi>) , 
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*5fc5 0 roJ: 3*f'£i'**0">'7 htt»fi3fc«r 

#-fiifc-rswDM ^^•^o^a^co^kicto/.c^sco 

<SfcBraS36P7r-<^»»B, C€rRfi-l&&-t-j&S#t 
[0011] 

[SSJS$rfl?fc-r5fc»©^a] #3S9H©S WttU 

WmyT-f^mm^ (edfa) t^*««ffl)t7r^^ 
(DCF ) "C«J*SixS3lB«flW»lJ:*fflUr, i^-r^ft 

$*5^<l:fcft<, e^ftife-^DCF *Ufcft>f£&o&fr 
««i-*rfct>^*S3ft«*»«»SrJiifc-*-*. DCF 

fcDCF Jf AKJBH-r5«HM«t0^bfr«»r* ii* 

[0 0 12] *55M<0 5*>ft*«llB«<07^^ii«« 
140 1 XttB 2 XI40 3 (d*-r«l(-> «&©©&#£$& 

±-tz>m&it&± s £8c i majB3fe«^#a i 

-<ci-S, DFB DBR m<0^m^— ifXt4M0PA3Sr 
vr«Mt Us S-SfigSfctt-fc©* iMfcAfcX* £ 
t><oSw <4> J^«fi.L'4R*OIBPi«r6nB fit -L35nmfilT t "f 

5 r. t t -r s t> ©-?*> 5. 

[0 0 13] *3BH©5t»l»*9l2C«©9^VJt»» 
14. «[»©afi36tt f'tiftS***© t> © k &'h<D t © 
t©^fi©^Srl00nm girt £ r i: Zftmk T2> *>© 

[0 0 14] 3jc^^©5*>ft*«3|E«©7^^1«i®g& 

1*0 3 i ttm 9 -a- ? »s© 

[0 0 15] *5IW©5*>»*«4|E«©7^>'iiiti« 

140 3 JBH&%*£#& l tt«3S:©li)@^^ 

2ow^/w-7*ic^ltTEa-f-5i*{c, 



(5) ¥fffl 2000-98433 
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frfc 2 o<o®ig}t£T7fc:7 2 (c2VNtd^^c 5 2 ^ft 
Kfiftt 5 b fc i k £r#& 1 15 t> © -C 5 „ 
[0 0 16] *%W©5*>if*^5IH«©7-^>ii*iS 
»@2 6X140 2 7 K^-ntlK. A*J}feXt4tti;*J3fc£^ 
L, *©il**K:»-3v*-CJBiB3fcJS£*» 1 ©#B&ig 

%y<V—Wm&&4 £ t £#® ir^S t>©-eS> 

[0 0 17] *^©5*,»*«6ffitt©9^V*i«B«l 
10 tt0 4Xt40 5fC^-r«{c. 7^VflJ»§rgJ**:{i-J§-}fe 

£¥a 1 ©*fflje3t'<!7-«rlW*PLT. *f ®8§ffl*I©i£ 
rtSr^^-t-St©-C&^. 

[0 0 18] *^W©5*>lf*^7fB«©7-v>li®S 
»H4l^t«(C, ffl7J^7-®lffll^S4J4, mtlft 
Lfc^= * % ■&&mf&%<0®.&\Z.&* iftlOOnm 

t>©-es>s 0 

[0 0 19] *^^©5*>it*«8fEtt©7^^*if5gl 
t405tc:*-^tc, fflA36^I7— »J»*«4I±, tti^J^t 

^•tl-e>*^#®®3t©St5{-#*^100nm SriD^.fcJKS 

Sr»*.**K:BWB*»^^« 1 ©#®j£3t^!7— S:fW» 

[0 0 2 0] *55ig©5*>ft^9IE«©7^Viii|@«g 
30 1402 8tc^i-«|c, A73#^!7— tW7J^!7 — t 

^■^^u. ^^©ifc^-^^^s^^jsae^B^s 
t>^<v-un^m.A^mx^^.k^^k-r^h<ox 

[00 2 1] ^M©5*>if*«l 01E«©7-Wit« 
$140 1 XI40 2 XI40 3 td^rttlU:. ae^M^s 
1 »47r^'y^D— M©^^w— ^3©W^7fly^7r 

40 [0 0 2 2] *^sm© 5 *,if*« 1 lmm.ov-^^&ffi 

*»40 1 Xf40 2 XI40 3 K^-fSllc:, ffljB*3B4*a 
U47 r ^ !> SoJHIflcw— 9 s 3 ©fctJAfllJicS&jg 
?fe Sr^K^-T 5 /c»©M^^ 6 $:fS:i7Tfl}J?g-rS 

[0 0 2 3] *%K©5*>ft*«l 2|S«©7-rVii*i 
SJ40 1 XI40 2 X 140 3 (C^ftll^ S6^^5l^^a 

1 \%^(D^<Dyr^V-<^-m. DFB IH, DBR S© 
^^w— ^*xl4M0PASr-5- = ^ r^mbtWMt 

irz¥mxfc®&m$i&&m&z®>vrmi$.T-z> ~k& 

50 #®ti--5'fe > ©-Cfc'5o 
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[0024] i&m<n> 5 i 3mm<v7^>m<>$ 

m*l2 6 (a) Xi*@6 (b) (c^iitUc:, M&®Sr90 

[00 2 5] #3S0J<D 5 1 4 |H«<© 7^ ^WI 

*te, *8i|>Iffl©^7 r '< 2 tt^?^a^n2^3. 5E - 
20 [m2 / W] Et±-efe5rt^ftt5t©t?&5 0 10 

[0 0 2 6] *^©5*>H*9i sfsttrox-^vitti 

[0 0 2 7] *&W<D 5 *>ft*« 1 6KfE«<07-^i# 
«SI**ii|>Iffl7T-1'^2^e^Kt*o-C*3>5, ^<£>I*J 
fR# s SMF i-20ps/nm/km ^JicO^Sr^o^r-f^Sr^ 

5. 

[00 2 8] *5S^<D 5 *>lt*« 1 7 (c:iS«©7^ >m 

m&\-±mmm7T-c/<2&tem&tti:^x&r), *<Dft 20 

aR* s SMF t-20ps/nm/km *SSO^fi:Sr^o7T-f'^SrS 
RLti^SJlfetO^^ -20ps/nmAm 

s-«ro7r-Y^d^sMF — moxmmft&fem-rzz. t 
[oo2 9] i^m<or>^>mm. \ %w&<r>7-<?^m& 

mt, ti*Iffl<D3t^r-Y^2^^?re»i-Sfc*© 
[0 0 3 0] #3SS»1<D 5 *>ft*9 1 9 W&<»%*P®miS. 30 

ft? r * '*tem&s\^m-fz>m&L*&®.-tz>%*%mx- 

3b o -C > it*>S 1 75Sft*3B 1 4 <D V vf^ltfElfcO 9 

[0 0 3 1] #3§§>1© 5 *>ft#>S 2 0 {C|E«©^^a« 
Ii02 9~i3 2{r*i"«{C, 7TVJ«itg«9<D^SS) 
®3fc£ft:7r^e£e&8fc:Aa*U ^t7r-r^e«ss 

[0 0 3 2] #fg|fl© 5 *>5t#* 2 1 |E«©ftfi8§Ste 

in 8 iZTF-rmz, 7^ ^mm& 9 <om&x\*&&xi*m 
& mm^±mmM 7 r w ^it®* 1 0 x. 5 r t & 

W&bTZh&X-foZo 
[0 0 3 3] ^^0 5*>lt^2 2|S«<03t^l&« 
HI 3 3 3 6 fc*1-*t^ 7^ >4I«#9 O^SSl® 

[0 0 34] *&W<D 5 ^>mim.1 3S5*<03t«fiBI»tt 50 
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H4 5t,Tt»C, #7rWV<e»J*8'f»«tAi5;h/C 
^7r-T '<fia£& 8 tc*5 ft 5 ®3:5m. trlMM" 5 3fe * 
Sfeg-efeo-C, ff^l75Sif*^l 4©v^^*»fcE 
*© 9 *©3t7r'f^2C^H«i 

[0 0 3 5] #3801© $ *>ff 2 4 iCfE*<S>3fef 
teH 2 9 ~H 3 2 fc*-f*fc, 9 <T>mmWi 

[0 0 3 6] #3£W<0 5 %fltjjt« 2 5 !E«^ft+*g*l* 

&mmiz%T±mma 7 r w 1 o *. a ^ & * 

[0 0 3 7] #3§SStf> 5 2 6 CttO^f «N»t± 

13 3 3 ~e 3 6 KTF-rmic^ ^T^mm&vmmmmyt 

Z>ZbZ<ffl8.b-t2>i>cDX'&>?>a 

[0 0 3 8] 5 *>1!*® 2 71B«t0%(ftNt«ti: 

2 -CA73 W</W<DgJ«HS>P:7 r -f 2 
^iSrH*77-f^ 2 K^ttS 9^ V±i4i{c J; 5 If L 

SSriiS n b &<&mb-i-Zh<ox~$>Z. 

[0 0 3 9] #S8WO 5 *>if *« 2 8 fBttW^^iWiSH: 
01Ofc*-r«}C, »f««l77^/^fe5*77'f 

^ 2 it dart *»$fcXtt*M»«rlsI3fc:7 r-f ^ 2 s 9 
Affile J; 5 mm LT-*te«o*«l^« Sr«^ 5 r 

[0 0 4 0] ^ll©p*>ft*«2 9|E«©^^* 

i-^#{c bfc r t Sr#® t -r z i> <oxh 5 0 

[00 4 1] *»W0 5"fel»*«3 0IE«©3tt>^*tt 
Hil l^-r»(C *±SBt66D7T'f^it««l OWfiJ 

&^xffim-?2>mic^±z.b&w&b-r-z>-k<DX'3bz> 0 

[0042] *3kW<D 5 *>!» 3ft* 3 1 E*<D3fcf» iBSB 

ia8{^-r«{t, %-7r^^mm^s^nK^xm 

«#9Sr«l*.» l^9^Vlfi|S^9(OffilSX«mg;Xttttr 
[0 0 4 3] *5l^0 5^.lf**3 2|E«cD^fi»*tt 
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m 3 3 ~s 3 6 tc*i-^tc N 

[0 04 4] *&W<D 5 *>»*«3 3 ^Sttro^fe4>a« 
1412! 9 ^tififfl77^^fc57?yi| 
*Ifl3 ©Jt77^^2 — <E> A7J I'^/KO&IK'P 77^^ 

2 tc*5 (4 £ «£cfg» £ l§] 7 r ^ 2 {c45»t 5 7 ^ >mm 

[0045] 5 -hm^3 4 iceftoft+M 

14® i o \zm-rm\^ ^fi«f77-f^-efc5 7vy 

[00 4 6] #38W<0 5 *>»*^ 3 5 fcSE«<Z>)fc fiBtSS 

ins 1 1 \z.7r^m^ m±mm%^ Tj'^m^i 1 o © 

[0 0 4 7] Wc#^IS©7^vlti|ES£*;h^J^;fc 
lB«©?Ti^WH»t?l4Hl, 2, 3 (c^-nilic, fib 

3 tt^igSESflDilSS^z&v^fc*, Ebjgftlci SSI^T* y 
/WT>-mSLcD5l^^«li^:<i-itdS-e#5 <> DBFS, 
DBR ffl<OiMMt:u— tfXf*MOPA£fliV>fci^a\ JftSttJl 

BI»^y/V'TV»a 
©$S£t4gE^§r;W7 5 r. t lz.X 9 - 1 

5. 

[00 4 8] Mtc, ffljBttSrf'bjft&omNlfrfiran £i-t 

3„ fi6^3t<Ot>^&*KPHSr6nm EU:i:1-S38fi3f4, S 
fMMEWOfl'V ^fl&tfH* 5 Sr&jgg Lfc777 , y'<n- 
3 (DJBUHIMttWH 1 2 t^iNtt-ifc 
3nm -CibZZbb. W)i&% 5 fc «> <7)WDM ^T'y 
11 (HI. 2, 3) IC^2£#^£&<-r3fc«>Kfii)ig 
»IW©SF.*IWI(Ifcv*< <bd><D£*8£rt>fc-ti:5;: & Z^im 
IC-rSfcfe-Cfc^,, WDM #7*7 1 1 14, S/i^^fiOTfe 

ITS^SK lootij^j^— J: 5fc«MH-S 

»4, if*>e>©A73#-hSr^bT>bti^A#<* 
•5. #J;il4\ fc-SWDM #7*7 1 lt?{4i<oa^A#< 

14. B 1 2 ^^i-«{Cl^^#:i — U* 3 e>«4*WK:3nm * 
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fc-5o — HI 3 (a) <omc^m#iU— *f3<Dt>fo 
$L&<omi8&35Tw)Sl±bTZk. B13 (b) <D«||cK 
9 P SigOfibigftK: 4 o T# £>*u-5 7 -v ^«jflH|M£«9 

14, l oo®iM3t»c4or#e>^^7^^f)J#lc:l5L 

[0 0 4 9] *^KW5*>if*^2IE«i7>7^vtiil®^ 
TN4, fiftjgftcD * <b}£ A©* AM £ */h*fl£<E>M £ lOOnm 

fttffc&fcv^ JfflB3ti9S1.4 Mm ^©^-{d{4, EbiS 
^co^'L-SEiO^AttiS/hffioM^lOOiiin giTtt-S 
20 t , El 1 4 1 0<0®mftfot>£.KZ>%m<D'P 

'L^«i^<O®^5tt<O&S(7>Mt43&100nm -Cfc^fc 

[0 0 5 0] *38!H<7>3*>fit3£:S3, 4|E«0^^->tS 
♦BS-Ctt, ^t)'a■5&*<ofi6®7tS:7fc7r-r^2^cSv^ 
2^(pltce«LT«-f-^Sr^(R)fi5®-t-S«fig 
iLfcitft. 01^12. ®3fC^$ixSWDM */7l 
l(c:ll*$^»[S#ttS:fc*<^-5r td^-C#5o - 
tilim 1 5 fc^-f 4 5 Wjjfa<£-fr-&tc±X<0®&yt 
30 -et4't''L>S[*^l 1 , X 2 , A.s , A 4 i$:!?MRSaS6n 
m ei±35nm«T-CfcS*^ — *[RIOI^)fi^t«lt^^:oV^-C 

PS (4 2 f&lCfc >5 , WDM * 7*5 1 1 <Dg##tt{Cs&*8SrJ$ 

[0 0 5 1] *5SW<D5 *>f»*^5fE«<09^Vtiffi^ 
-CJ4, 7-^v*Bi|gS-,<OA737fcXJ4ffi737£Sr ; e=^b, 
*©»*Ki*'SVNrBWB36IB^a! 1 ©«-SSe3t^^I7- 

[0 0 5 2] *5^<0 5*>ft^6fESc©7^Vit<it& 

**7, SIE^cD^^VJiiliiSt?^, 016 (a) * 

(b) {C^-r^^^fibfi^rolSfi^^^^lOOnm SriDX. 
*:&fttf>8Eft}fc£^=* L, ^rtie»Si*7fe<0^!7-Sr}t 

ftt5rt«:-et5„ *7t, ^(-lB*-rsiKS^«-rkffl 

50 077^/^f-f>fV^ G*1-gfc*}g£S5) SrSi^bfe 
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[0 0 5 3] *»M©5fcft**9^©?^l'*»«* 

#5rii5-e#2.. 10 

[0 0 5 4] *«K© 5 1 01E»©9^ V** 

»-Ctt» 7/^^- IC^fW if 3©tti;*rtMK: 

5Srfg(t5WCs T'T-r/y^n— MW^flcv— If 3© 

t*-C#5. ¥^#:v~-1f 3»c:i&B£:£rt:/B©fl. 

i#««Sr*t<i-5ri:fc*5^ > WDM 1 (Ei 

i, 2, 3) x-a-m-j-zm^ m-g:mm*m<Tz>^b 

[00 5 5] *fg|l3© 5 *>»*3l 1 1 lE*©?^ Vif *I 
*N£flsu- if 3©japjE3fc«r#ifcg»c:<Ii£-g-/ifc 

x 2 (CAM $tu-5S6®3t^!7— ^ifiP;*-^.*. 

[0 0 5 6] #3SI3lf <0 5 1 2|E«<D9-v>-lii|i 

^©jgESOTT'r^y^n— 1, DFB 1, DBR 
ifXt*M0PASr-a-«i"5#il!i: L-C, 

^«:w»fSr#»-g-JKi-5S^{-t, «fe-CffitS^-C 
[0 0 5 7] *38W© p *>lf 1 31Ett©7-7->-i«*I 

*3tofll«ffi*v^a»J: 5Tfe^5t t^f--^<DfU»Sr 
»-»#-f-5fc«>, tfBR0>&£<OfibjB%«rWDlI #7*9 1 1 
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[0 0 5 8] *38§E© 5 *>ff 1 4fSttc0 7^^±i*g 
*77^2 fc*i»?gJB*f*n2dS3. 5 E -20 

[m2 / w] &,±<Dh<o&i£.m-fZtc#>, rjr*-c©W9S 

[0 0 5 9] *»J30 5t>|»*«l 5MfMl 7fE 

s^*®finSiffi7rw^©— set b-c#^f s©-c, e 

[0 0 6 0] #3§W© 5 *>» *3g 1 8Gtt07-7Vi|I 
7r>f^it4*iifc, roeayB^r-f^+fcffASiii 

[00 6 1] #$8§H<D 5 fe8»*« 1 9fB*©3fcf IUST? 

fflflrr s «>. it i Tbmm&m 1 8 tciatt© ? > 

[0 0 6 2] *^K©5*?ft*^2 0Xt5»**2 4fiE 
-f^e:elB&8KAJfrU )fe7r-r^e2IK8lc*ilt2.7 

[00 6 3] *5SBJ(D 5 fefff*^ 2 1 IB*©****? 

i**±saara ^r-f^^ti'ii^io-ot^T'^ 8 

[0 0 6 4] *^©5*>lf^2 2St5M*^2 6|S 
mo? 7 -f ^^*B«« 1 0 ©Sije3t t bT*J«i-5 

[00 6 5] *&W<0 5 *>ff*^ 2 3 (CfBm©^^^ 

t?«, 9-^>-*HiS9 03fe7T'r^2ic^«c««rffi7r 
^e^SS8©SES^»SrM«L, i£7 7 -4 8 R 

[0 0 6 6] *»W©5-fefll*?l2 5E«©3t«»»i««-e 

^8©a^tiSi5^fc^«f8-rsfc», «**eai*K 

[006 7] tfc, ^©p*,, ?t 9 £* 
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*©F!)-C£>9. V^-rAftlCGl, G2tfW<£ 

Mtfbfrte^o ^.(DmWs f4EDFA<Z>;pJ#<D^») it^LT 
8 teEDFA<DfiJ# t SrmS;«Jlc^ L fc ©T? 

Sat<0#-( t £3gfi7 5 1t * (c fit, EDFA©ftJ#fii- jgfc:^*: 

fus^s?***. fern*, a^w^/^dcf m$i<D&m 

019 (a) fiCA* W^W^KjKJ&CT, «r^fl£*g& 
ZWb, 019 (b) ICDCF <o«^cd^16(c:^:ct. ® 
^e>©J^t>2o©EDFAfctfHJ#— ;£i&o-CV^. L3> 

[0 0 6 8] =P«ll§^H-^7^— 
teSrDCF <©7-^viiifi?ai*-eM«r-t-SiilcJ:oT, ED 
FA«9ffJ#3r— ^X^M.mcEDFk&W>&rT2>& 

*<, ^m^PS^«e>o#-^DCF rofiP>o#SrM«i- 

srtdJ-e^s. 02 oj*iai 7 <Dt>m&i±mzttL 

DCF cD9^>-l«iti^imSriafflb^:^-OEDFAtOigtf 
ffiSr^Lfcfc 5„ DCF «7-WftJ#Srjg^{Cjl^ 

^itCtoT, 3o©frB!{C^LT^3££;h,5EDFA©4$ 

02 1 (a) , 
(b) (C^-T^ICA^^/I^DCF ft&CD^ftfii, EDFA 

EDFA©ftJ#$r— ^^«*>oo. DCF cotHTl l^/l'd*— 

dcf &ft<D»$:&7^>mm-T?ffiQi-rzz.k\t. mm 

ItSi i:©-C#ft;^ofcDCF ffA^Hi-SJt^WMiO 
#flSfc«»tt-S. 0 3 7»CDCFffALfe*g-Oifi**tlS: 
©^biil^CDCF *#V^?^>*»IWBfcJfALfc» 

[0 0 6 9] *^K»5*>lf**2 9~3 5(C|E^03t 
#5ri;4S-?££ 0 03 8, 0 3 9fic#-afcfi-Cl&jg£ 
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[0 0 7 0] 

i (4*^^05 7 ^m$E&<om i <? , m 

t*A^J7r^^i 2 i, JMWe77"f'< Ot^rW 

<*> 2, WDM */7l 3, 1, ^=*7fe 

Bffi 5, flr**a*7r'f^i 6. <ijgL«fe#T-f y 
io u— ^2 5a>e>*fiK$ttTv>« 0 rr-e^^Ms^iBffl 

*^7l 4 i«s^fl^liifttll])«ffffmEKl 

[ 0 0 7 1 ] «jB3IHS£^« 1 fit, 777'y^a-So 
spWffV— !T3 (3, > 3, , 3„ 3, ) k, 

e^o^r^^i"— ^vf^ 5 (5 

i „ 5, , 5, , 5, ) t. mm&s&x-?? mfe&m 

6 (6,> 6 S ) WDM j3-7=7 1 1 

*vcv^„ rr^i*u-f3, „ 3, ©fgg&fi 

20 fcmtafcJU, -C*>9» 9*3, , 3 4 <0<P>b 

tt*fC|^CKS^ 8 >NWWf3, v 3, „ 

3, . 3. 03MB**H:**Sfeaffl^7r-f^^v— t 1 

fill tl, cOgLfiKPSfii6nni ei-b35nmWTi: LTJ> 

[0 0 7 2] HMHRMti'—rSi » 3 2 , 3, , 3. 

30 77 6 TMI«'&'J**n» &m&&&% 7*7 6 COffl^J 

7t* 5 WDM *7*7 1 1 -e^$4xTfi6®7t^±^l ©Hi 

^*7"9 6©Wfit«SE®^#7r^^l 7-caa***u 
mmx&£.^m. 1 ©tb^TtitwDM i 3 9 mm 

«77-f^2(:^5H, «#* (SEft^fJ^S 

7t) fcMnw6Wi7T'f'<i 2x*>mmmyr-c^2ic 

M7ti:-g-Si$^-C7-^Vi«itg$ix N WDM7-7 1 3«rilia 
40 U ^^^(ftffi*^ 1 -t©— «t4* 

=?flfiLt»«Slt, »0fitflr#*WA7r-f^i 

LDlMMr-9MB«l 5fiC*5VNTS«$tt, nia«i5 

[0073] mmmmm^7^y<2\ty^^mmKT&^ 
mz-\-sdtm&mvmTa&z. 5 e -20 

[m2 / W] KJ;-Cfc-5^ J ©Sr«V^r'^ J ^ ; V^b, 
A7J^ti-5«^-A^7r^^l 2Sr^rC0**SftL-Cffi 
50 V^TtAvv kBafc0-20ps/nm*»|O^«cfirj«o 



17 

RDF (Reverse Dispersion Fiber) SrSMF f£o/<£#\ 

(— ^tCRDF tt-20ps/nin*^©^Sr^O7t«>(CSMF © 
X b teW&^tt. 7^V*fifi;S©K)jg:ft#RDF d^SMF 

i: U Jftttffi 7 7 4 * 2 WM53m&&9L 1 * WD 
M #7*7 13. ^mSfl^/^H, *=i*«* 10 
ttm&atIJ>MMB-IHB£lelB 1 5 fr— aoa*^-**** 

[0 0 7 4] E3 2 2K01O9^>-li*SSJ-*3ttSttl^ 

jSdfeifcgrA., > A., tel435nintl465nnu ■ft^tt-20dBm 
/chl540nmd>e>1560nm«5Bl^^|BIRS»J: 8 &A^? Ufc. *g 

^^nflus^o. 5dB wrt(cts*>oo x fmmmm^T 

"CV N 5o 20 

[0075] >mm&omffii&m 2)02 

twf**S*@^ 7 r-f^ 2 ©WSSMffillCWDM ^^l 3*sta»t 

*^flsi©«^titiKUT, flr**©a»wtt*sAv^ 30 

[00 7 6] (7"<r V*g*l5§©fg;8fS?£f® 3) @3 tt#38 
93 © 7 -r v*gffi&©fB 3 ©H3£^flSt?fc 9 , 

1 *» b ©®)S7td s tSit'I>ffl 77^^2 SrS^lftteJltf 

^7r'f^2©W*SS«itmiSMit{!:**WDM *7"7l 3 

Sl*»e>©@jS3fe* s ^c*©WDIl *7"7l 3SriiCTiS*| 
ffi7r-f^2iCig-g-$^ M4SiiI©WDM i7"7l 3(CA 40 

ti £titc®&yt&mmm 77 ^^2 awtum icjuff & 

*U ^4£fl!l©WDM #7*7 1 3teAA3*WfcJ»fi3te!9«f« 
ffl77^2 ©ffi^ffiiJlcitf? J: 5 K L fc t> ©TNfc 
So 

[00 7 7] «nBMB%9l&?ft 1 © 5 *>S? l ©^/w— 
5 ^— *f 3, , 3, i*2<0^7* 
BlcJli-S^^Wtcu— !P 3 5 , 3. ©f 'CAAttV^-ftL 

3, , 3. tm2(D?/u-7'Bizm-rz>¥m#i'—y : 3 
7 , 3, ©^^^(iv^-rtttpc-^fc-So 77- 50 
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<T4 V^5i ~5, tt^^^M^^US^ 
# If 3 © ef> «t»JSS K&t> £ tlT V * 5 „ 

[0078] (.7-^^m^<ommmm4) msaao 
mmmzis^x. no^v-7 , Ai:*t5¥«#i- 

— 1f3, , 3 2 ©*.&>&££ A.! x I^^V— T'AfCjR-f 
if 3, , 3* *-b$L-M:& X 3 , f2©^V 
-T'BKM-r-S^SIfr^— 9*3, , 3 6 <D*t>fo&&*X 

, , m^-yBKM-t z^mm — f 3, , 3 S ©* 

^SSI-i, i:U A.i v X, , A. s > A., SrSLVM'P 
LtMtsr £fc-e#5„ ^©S^fc, 

tf'L^S©ffiR5f*10nm«Ji30nm^T-C*. 9 „ *^:©«t>*D> 
iSA, tS/J^f«fiA, i:©^lil00nm eiTt?fc 

3t©**HRHC3Sfe»*»fci-wi*-C#, WDM *7-7 4 

[0 0 7 9] (9^V*«aW>3Ufc»«5) B4 Ofi* 
^©7-^^iSi|S^©»5©|l3S^«|t?&i?, MIE#H 

mv. ^e>sr#s^asufct>©-cife5 0 ^©wi^ 

[0 0 8 0] tWE**«B»«J!l48V^-C, a**^!7— « 
4 4 5 m^-f m&. k-FZ^b&XZ 

•5. @4©«j5e«. la i 2 xttia 3 L/t^-= 

- K^©5fc/f8^m^a 19i« LOIHffSK 2 0H^ 

r©^a-. ^*©!ae^{cj:-5^A*i«BSE* a»jB%tt 

StdlOOnm SrJPxfcjSS) #ifi©^tSr^)Kb, A^WtC 
l*> ®ejKft*U430nmt 1460nmfc * ?>fcJ, 1530nmtl560 

A/htcjs c-ca^mff^-fk^tts. ldsijwihik 2 0 1* 

*/Ififl¥Sl 9^?>©tti^)mjE^CT^fli:w- 

3 e>Btt*8K*«ftrt-3 t©-efe 9 > 
^I7-SrJ|}^.S«(c:^#:u— if 3Sr$iJ«-r.5 0 IP*>, 

[0 0 8 1] 111 5 ©ffif^li, IH 1 Jli±m 2 3 JC^ 

\^fr*=-?%ftyim*7'=7 14C, 55-11^*7*7 21h 
/^K^7^;V;?2 2J:, * h^-f^-— K^©3t/tt 

^»fsi 9t> Lmmm&2 0 i*»b*s-*=^fli* 

*ttJ2lt5LDMlP«#»*l3K 1 5 39J»KSixfct>©-C*> 
5. ^ft^7"7 2 1 [4^--^ 7 fc5J-il$ffi7J7'7 1 4-C^HS 

^>-K^7-r/U^2 2«^^f'il^^:^S^ 
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ft&SKllOOnm SrADxfcS?*) ttificoftSrSil U 
SttCht. ®®&*7!>n430nmil460nin£&e>{2, 1530nmt 

©*^!7— *JB*6«IK»MM»5^— Jf3SrM»i-5. IP 10 

mmi,T#m$:¥-mk-rzmz z-rzo H4, 51*02 

£v>M:BI 2 8 »c^-r^{cai*^i: A^J^tt 

[0 0 8 2] IWa*«|j«(Z>9-^V*B««fc*sVNTH:, S6 
^Sr«tSi-g-^7'7 6-e^i-5^>?{-, 0 6 20 

(a) , (b) \z.7rrrm\z.m&yt<Dffii&.w : §:908t\mm-r 

1 -e?§£ $ *:««$:co l&eft J: ^ t ISiZfc® 

-e#5» 06 (a) *m®m?T'('<2<D—m^T7 

x-n-^ 3, t±5LM^ 7-3, £f£ttT, *9*Iffi7 
T-T ^ 2 te:e*S*ufc||&jS3tS-<ljgEESr90Jligeb, W 
xtmmm 7r-f/<2 l-M-flSH- Lfc h <ox$> Z><ox&> 

*u-cv^v\ in 6 (b) ttmmm 7 t** 2 <o-mic 

PBS 3 3 kOBfclBfiW*7rW^3 4 t £!3:tt> fc*UB7 
r-f /< 2 co-SSW>e>m;fr SftSB£%«r£tt*90A£ie> 
tvT^$nfc«»E®^7r^^3 4lc«fc 9«a£®3r 
MXEMEU WUTOS 3 3SraCTl«i|'Iffi7 5"f ^2 CO 

[00 8 3] (3fe*iS$IScof!|367£flg 1 ) HI 7 \*.&&W<D 

mmx&y). %7r-(^m^smzmK^ihxm%7 

r^X^Sa8{c*3lt5tB^tr««i--53fe*«IScoWlt? 40 

mm&9(Dikm^ft±mm7 7'(^mm!& («t. ed 

FAi:IB«i-5) l OiUmi&ZivXisQ. %7r4 '<&m 
8& 8 legs 3 ft 3 « *3fc*s 9 t vWfjS 9 A^J $ ivc 
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(54) RAMAN AMPLIFIER AND OPTICAL RELAY USING THE 
SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide 
a Raman amplifier in which required gain 
can be obtained, dependence on 
wavelength of gain can be reduced to 
such an extent that a gain flatting filter 
is not required, and which can be used 
in a band of ED FA. 

SOLUTION: As a semiconductor laser 3, 
such a laser is used that it is a Fabry- 
Perot type and an external resonator 
for stabilizing oscillation wavelength 
such as a fiber grating is connected to 
it. Also, it is assumed that the central 
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wavelength of a laser is 6 nm or more to *^ F~ 
35 nm or less, and difference between the maximum value of the 
central wavelength and the minimum value is less than 100 nm. The 
device has a means for detecting output power of each exciting light 
or a means for detecting signal light output power of a wavelength in 
which gain by each exciting light source is made maximum, and a 
means 4 for controlling a drive current of each exciting light source 
keeping power at a constant value. When the device is applied to a 
relay, the device has a means in which exciting light having shorter 
wavelength band than a signal wavelength band of the relay by 100 
nm is made incident on DCF being a constituting element of an 
optical relay. Further the device has a means for monitoring a signal 
light between an amplifier 1 and an input of DCF and between an 
amplifier 2 and an output of DCF a means for adjusting the power of 
exciting light or the like. 
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WHAT IS CLAIMED IS: 

[Claim 1] A Raman airplifier provided with a pumping light 
generating means (1) for generating a plurality of pumping lights, 
which synthesizes a plurality of pumping lights outputted from said 
5 pumping light generating means (1) and signal lights which are 
propagated to an optical fiber (2) , and applies a Raman gain to 
the corresponding signal lights, wherein said pumping light 
generating means is composed of a Fabry- Perot type, DFB type, DBR 
type semiconductor laser or MO PA (3) , the respective pumping lights 
10 have center wavelengths made different from each other, and the 
interval of the center wavelengths is made into 6nm or more or 35nm 
or less . 

[Claim 2] The Raman amplifier as set forth in Claim 1, wherein 
with respect to a plurality of pumping lights, a difference in 

15 wavelength is lOOnm or less between when the center wavelength is 
the maximum and when the center wavelength is the minimum. 
[Claim 3] The Raman amplifier -as set forth in Claim 1 or 2, 
wherein said pumping light generating means (1) is constructed so 
that it excites signals in two directions by causing pumping lights 

20 of wavelengths adjacent thereto to propagate through the optical 
fiber (2) in two directions differing from each other. 
[Claim 4] The Raman amplifier as set forth in Claim 3, wherein 
said pumping light generating means (1) is constructed so that it 
divides a plurality of pumping lights into two groups and disposes 

25 the same, and simultaneously synthesizes the pumping lights in the 
respective groups so that pumping lights of adjacent wavelengths 
are not provided into the same group, and two pumping lights 
synthesized in the respective groups are caused to propagate 
through the optical fiber (2) in two directions differing from each 

30 other. 

[Claim 5] The Raman amplifier as set forth in any one of Claims 
1 through 4, further comprising an output light power controlling 
means (4) that controls power of respective pumping lights in said 
pumping light generating means (1) on the basis of results obtained 
35 by monitoring input light or output light, and holds the output 
light power at an appointed value. 

[Claim 6] The Raman amplifier as set forth in any one of Claims 



1 



1 through 5, further comprising an output light power controlling 
means (4) that controls power of respective pumping lights in said 
pumping light generating means (1) on the basis of results obtained 
by monitoring output light, and flattens the wavelength dependency 
of the amplifier output. 

[Claim 7] The Raman amplifier as set forth in Claim 5 or 6, 
wherein said output light power controlling means (4) divides 
monitor light, which is bifurcated from the output light, to 
wavelength light having a wavelength obtained by, respectively, 
adding approximately lOOnm to the wavelengths of respective pumping 
lights, monitors the respective wavelength lights, and controls 
respective pumping light power of said pumping light generating 
means (1) so that the power of the respective wavelength lights 
are matched to each other, 

[Claim 8] The Raman amplifier as set forth in Claim 5 or 6, 
wherein said output light power controlling means (4) distributes 
the monitor light, which is bifurcated from the output light into 
the same number as that of the pumping lights, monitors the 
respective wavelength lights by transmitting wavelength light 
obtained by, respectively, adding approximately lOOnm to the 
wavelengths of the respective pumping lights through the same, and 
controls the respective pumping light power of the pumping light 
generating means (1) so that the power of the respective wavelength 
lights is matched to each other. 

[Claim 9] The Raman amplifier as set forth in any one of Claims 
1 through 8, further comprising an output light power controlling 
means (4) that monitors input light power and output light power, 
controls the respective pumping light power of said pumping light 
generating means (1) so that the ratio of the power is fixed, and 
holds the gain at an appointed value. 

[Claim 10] The Raman amplifier as set forth in Claim 1 through 
9, wherein said pumping light generating means (1) is constructed 
so that an external resonance unit (5) for stabilizing a wavelength 
such as a fiber grating is provided at the output side of a 
Fabry-Perot type semiconductor laser (3). 

[Claim 11] The Raman amplifier as set forth in any one of Claims 
1 through 10, wherein said pumping light generating means (1) is 



constructed so that a polarization synthesizer (6), which polarizes 
and synthesizes the pumping lights is provided, at the output side 
of the Fabry- Perot type semiconductor laser (3) . 
[Claim 12] The Raman amplifier as set forth in any one of Claims 
5 1 through 11, wherein said pumping light generating means (1) is 
constructed so that the same is provided with a plane light wave 
circuit type wavelength synthesizer whose principle is a Mach- 
Zehnder interferometer. 

[Claim 13] The Raman amplifier as set forth in any one of Claims 
10 1 through 12 , further comprising a polarization plane turning means 
(7) that rotates the polarization plane by 90 degrees, wherein a 
plurality of pumping lights, which are generated by the pumping 
light generating means (1) , and pumping lights, the polarization 
plane of which is orthogonal to said respective pumping lights whose 
15 polarization plane is turned by 90 degrees by said polarization 
plane turning means (7) , exist in the optical fiber (2) at the same 
time. 

[Claim 14] The Raman amplifier as set forth in any one of Claims 
1 through 13, wherein the non-linear type refraction ratio n2 of 
20 the optical fiber (2) for amplification is 3 . 5E-20 [m2/w] . 

[Claim 15] The Raman amplifier as set forth in any one of Claims 
1 through 14, wherein the optical fiber (2) for an amplifier is 
provided as a part of transmission lines. 

[Claim 16] The Raman amplifier as set forth in any one of Claims 
25 1 through 15, wherein SMF and a fiber having dispersion of - 
20/ps/nm/km or less are used as the optical fiber (2) for 
amplification . 

[Claim 17] The Raman amplifier as set forth in Claim 16, wherein 
pumping light is propagated from a fiber having a -20/ps/nm/km to 
30 the SMF. 

[Claim 18] The Raman amplifier as set forth in any one of Claims 
1 through 14, wherein the optical fiber (2) for amplification is 
independent from a transmission fiber that propagates signal light, 
and is provided as the Raman amplification fiber which can be 
35 inserted into the same transmission fiber. 

[Claim 19] An optical relay inserted into an optical fiber 
transmission line (8) , which compensates a loss in the same optical 
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fiber transmission line (8) , including a Raman amplifier (9) 
described in any one of Claims 1 through 18, wherein a loss in said 
optical fiber transmission line (8) is compensated by the same Raman 
amplifier (9) . 

5 [Claim 20] The optical relay as set forth in Claim 19, wherein 
residual pumping light in the Raman amplifier (9) is made incident 
into the optical fiber transmission line (8) , and a Raman 
amplification effect in the optical fiber transmission line (8) 
is utilized. 

10 [Claim 21] The optical relay as set forth in Claim 19, wherein 
a rare-earth doped fiber amplifier (10) is provided before or after 
the Raman amplifier (9) or at both sides thereof. 
[Claim 22] The optical relay as set forth in Claim 21, wherein 
the residual pumping light of the Raman amplifier (9) is utilized 

15 as pumping light of the rare earth doped fiber amplifier (10) . 
[Claim 23] An optical relay inserted into the optical fiber 
transmission line (8) , which compensates wavelength dispersion in 
said optical fiber transmission line (8) , further including a Raman 
amplifier (9) described in any one of Claims 1 through 18, wherein 

20 the same compensates wavelength dispersion in the optical fiber 
transmission line (8) by using a dispersion compensating fiber in 
the optical fiber (2) , and compensates a part or the whole of the 
loss in the optical fiber transmission line (8) and optical fiber 
(2) . 

25 [Claim 24] The optical relay as set forth in Claim 21, wherein 
the residual pumping light of the Raman amplifier (9) is made 
incident into the optical fiber transmission line (8) , and a Raman 
amplification effect in the optical fiber transmission line (8) 
is utilized. 

30 [Claim 25] The optical relay as set forth in Claim 23, wherein 
the rare-earth doped fiber amplifier (10) is provided before or 
after the Raman amplifier (9) or at both sides thereof. 
[Claim 26] The optical relay as set forth in Claim 25, wherein 
the residual pumping light of the Raman amplifier is utilized as 

35 pumping light of the rare earth doped fiber amplifier (10) . 

[Claim 27] The optical relay as set forth in any one of Claims 
23 through 26, further including a controlling means that 
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compensates a fluctuation in the input level to the optical fiber 
(2) being a dispersion compensating fiber and a fluctuation in loss 
in the same fiber (2) by Raman amplification in the same optical 
fiber (2) , and holds an output from the corresponding optical fiber 
5 (2) at an appointed value. 

[Claim 28] The optical relay as set forth in any one of Claims 
23 through 26, further including a controlling means that 
compensates a loss or a gain in the optical fiber (2) being the 
dispersion compensating fiber by Raman amplification and holds the 
10 same at a fixed level. 

[Claim 29] The optical relay as set forth in any one of Claims 
21, 22, 25, 26, 27 and 28, wherein the gain of the rare -earth doped 
fiber amplifier (10) is kept at a fixed level and the gain of the 
relay is adjusted by the gain of the Raman amplifier (9) . 
15 [Claim 30] The optical relay as set forth in any one of Claims 
21, 22, 25, 26, 27, 28 and 29, wherein the wavelength dependency 
of the gain of the rare-earth doped fiber amplifier (10) is 
compensated by the wavelength dependency of the gain of the Raman 
amplifier (9) . 

20 [Claim 31] An optical relay inserted into an optical fiber 
transmission line (8) , which compensates a loss in the same optical 
fiber transmission and wavelength dispersion in said optical fiber 
transmission line (8) , further including a Raman amplifier (9) in 
which the wavelength of the pumping light is single, wherein a 

25 rare-earth doped fiber amplifier (10) is provided before or after 
said Raman amplifier (9) or at both sides thereof, and a dispersion 
compensating fiber is used for an optical fiber (2) for 
amplification of the Raman amplifier (9) . 

[Claim 32] The optical relay as set forth in Claim 31, wherein 
30 the residual pimping light of the Raman amplifier (9) is utilized 
as pumping light of the rare- earth doped fiber amplifier (10). 
[Claim 33] The optical relay as set forth in Claim 31 or 32, 
further including a controlling means that compensates a 
fluctuation in an input level to an optical fiber (2) for Raman 
35 amplification, which is a dispersion compensating fiber, and a 
fluctuation in loss in said fiber by Raman amplification in said 
fiber (2) , and holds an output of the corresponding optical fiber 
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(2) at an appointed value. 

[Claim 34] The optical relay as set forth in Claim 31 or 32, 
further including a controlling means that compensates a loss or 
a gain in the optical fiber (2) for Raman amplification, which is 
5 a dispersion compensating fiber, by Raman amplification in said 
optical fiber (2) , and holds the same at an appointed value. 
[Claim 35] The optical relay as set forth in Claim 31 or 32, 
wherein the gain of the rare-earth doped fiber amplifier (10) is 
held at a fixed level and the gain of the relay is adjusted by the 
10 gain of the Raman amplifier (9) . 

[Detailed description of the invention] 
[0001] 

Field of the Invention 

The present invention relates to a Raman amplifier that can 
15 be used for amplification of signal light in various types of 
optical communications systems, and an optical relay that is 
provided with the Raman amplifier, and in particular, which are 
suitable for amplification of wavelength division synthesized 
light. 
20 [0002] 

Prior arts 

Almost all the optical amplif iers that are used in present optical 
fiber communications systems are rare-earth doped fiber amplifiers . 
In particular, Er-doped optical fiber amplifiers (hereinafter 

25 called "EDFA") that employ a fiber to which erbium (Er) is doped 
have been frequently used. However, the practical gain wavelength 
band of the EDFA is from 1530nm to 1610nm (Reference: Electron, 
Lett. Vol. 33, no. 23, pp. 1967-1968) . Further, the EDFA has a 
wavelength dependency in the gain. Where the EDFA is used for 

30 wavelength division synthesized light, a difference in gain is 
produced in the wavelength of signal light . Fig. 23 shows an example 
of gain wavelength dependency of the EDFA. However, a fluctuation 
in gain is large particularly with respect to wavelengths of 1540nm 
or less and 1560nm or more. Therefore, in order to obtain a fixed 

35 gain (in most cases, the deviation in gain is ldB or less) in the 
entire band of such wavelengths, a gain flattening filter is used. 
[0003] 
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The gain flattening filter is designed so that a loss is 
increased at a range of a wavelength having a large gain, and a 
loss profile is almost the same as a gain profile. However, since 
in the EDFA the gain profile changes as shown by curves u a", n b" 
5 and "c" as the size of the average gain changes as shown in Fig. 
24, the optimal loss profile of the gain flattening filter also 
changes in this case. Therefore, where flattening is achieved by 
a gain compensating filter whose loss profile is fixed, the 
flattening degree deteriorates as the gain of the EDFA changes . 
10 [0004] 

On the other hand, a Raman amplifier that utilizes Raman 
scattering of an optical fiber is available as an optical amplifier 
(Reference: Nonlinear Fiber Optics, Academic Press) . The Raman 
amplifier has a peak in gain at a lower frequency by approximately 

15 13Thz than the frequency of the pumping light. In the following 
description, a case where a pumping light of a 1400nm band is used 
is assumed, wherein the frequency lower by approximately 13Thz is 
expressed to be a wavelength longer by approximately lOOnm. Fig. 
25 shows a wavelength dependency of a gain when a pumping light 

20 whose center wavelength is 1450nm is used. At this time, the peak 
of the gain is 155 Onm, and the band width in which the deviation 
in the gain is ldB or less is 20nm or so. Since the Raman amplifier 
amplifies any optical wavelength as far as a pumping light source 
is prepared, the use thereof in a wavelength band that cannot be 

25 amplified by the EDFA is taken into consideration. On the other 
hand, the Raman amplifier is not used in the gain band of the EDFA. 
This is because the Raman amplifier requires further large pumping 
light power in order to obtain a gain equivalent to that of the 
EDFA. In addition, if an attempt is made to increase the gain by 

30 making a pumping light of large power incident into an optical fiber, 
induction Brillouin scattering is generated by the pumping light 
to increase noise. Therefore, it becomes difficult to utilize the 
Raman amplifier. Japanese Unexamined Patent Publication No. 
Hei-2-12986 discloses a technology that suppresses the induction 

35 Brillouin scattering by a Raman amplifier. 
[0005] 

Also, the Raman amplifier has a polarization dependency in 
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gain, and the same amplifier brings about an action of amplification 
only for components, which are coincident with polarization of the 
pumping light, of the polarization components contained in signal 
light. Therefore, a countermeasure that reduces instability of the 
gain due to polarization dependency is requested. However, it is 
considered that a fiber, which preserves a plane of polarization, 
is used as an amplification fiber or a pumping light source whose 
polarization is random is used. 
[0006] 

Also , the Raman amplifier is required to expand the gain band . 
It is considered that a plurality of pumping lights having different 
wavelengths are used. (Reference: OFC98, PD-6) . However, no measure 
has been taken in view of reducing the gain deviation to ldB or 
less. 
[0007] 

On the other hand, there is an optical relay that 
simultaneously compensates a loss in transmission and dispersion 
in wavelength, which are generated in an optical fiber transmission 
line. The optical relay is constructed, in which an Er-doped fiber 
amplifier (EDFA) and a dispersion compensating fiber (DCF) that 
compensates wavelength dispersion are combined. Fig. 46 is a 
conventional example, which is constructed so that a dispersion 
compensating fiber A is disposed between two Er-doped fiber 
amplifiers B and C. The first Er-doped fiber amplifier B amplifies 
signal light of a low level to a comparatively high level and is 
featured in that the noise characteristics are excellent. The 
second Er-doped fiber amplifier C amplifies light signals, which 
have attenuated in the dispersion compensating fiber A, to a high 
level again, and is featured in that the output level is high. 
[0008] 

However, with respect to the above- described optical relay, 
it is necessary to adequately set each of the relay input levels, 
relay output levels and amount of dispersion compensation (loss 
in the dispersion compensating fiber A) when designing the same, 
and there is a limitation which is the existence of the upper limit 
in the input light level of the dispersion compensating fiber A. 
This is because if the input power into the dispersion compensating 
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fiber A is made large, an influence of a nonlinear effect is 
increased in the dispersion compensating fiber A, and the 
transmission waveform remarkably deteriorates. With respect to the 
upper limit of the input power into the dispersion compensating 
5 fiber A, a self -phase modulation effect (SPM) becomes a 
determination factor when carrying out a single wave transmission, 
and a mutual phase modulation effect (XPM) becomes a determination 
factor when carrying out a WDM transmission. As described above, 
it is necessary to design a relay that is excellent in connection 
10 with the gain flattening degree and noise characteristics under 
these conditions, taking various factors of fluctuations into 
consideration. 
[0009] 

Fig. 47 shows an optical level diaphragm in a relay. A gain 

15 Gl [dB] of the first Er-doped fiber amplif ier B is set to a difference 
between the input level Pin [dB] of the relay and the upper limit 
value Pd [dB] of input into the dispersion compensating fiber A. 
The gain G2 [dB] of the second Er-doped fiber amplifier C is set 
to Gr+Ld-Gl [dB] on the basis of the loss Ld [dB] in the dispersion 

20 compensating fiber A, gain Gr [dB] of the relay, and gain Gl [dB] 
of the first Er-doped fiber amplifier B. Since these design 
parameters become different from each other system by system, the 
Gl [dB] and G2 [dB] differ system by system. Therefore, it is 
necessary to re-design the Er-doped fiber amplif iers B and C in 

25 respective systems . The noise characteristics in such systems have 
a deep connection with the loss Ld [dB] in the dispersion 
compensating fiber, wherein it has been publicly known that the 
greater the loss is, the worse the noise characteristics become . 
Also, at present, unevenness in the loss in transmission lines and 

30 loss of dispersion compensating fiber A is compensated by changing 
the gains of the Er-doped fiber amplifiers B and C, or is adjusted 
by providing a variable attenuator, etc. However, there are 
advantages and disadvantages since the former one deteriorates the 
gain flattening degree and the latter one deteriorates the noise 

35 characteristics. 
[0010] 
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Objects to be solved by the invention 

Although Er-doped optical fiber amplifiers have prevailed 
in optical transmissions, there are some points to be solved, in 
the Er-doped optical fiber amplifiers. Also, with respect to Raman 
amplifiers, the output of general semiconductor lasers is 100 
through 200mW, the gain obtained is comparatively small, and the 
gain is sensitive in regard to changes in power and wavelength of 
pumping light. Therefore, where a Fabry- Perot type semiconductor 
laser having a comparatively high output is used, there are some 
problems, that is, noise due to fluctuations in the gain, which 
result from the mode hop, becomes remarkable, or although it is 
necessary to change the drive current of the pumping laser when 
adjusting the size of gain, the fluctuation in the center wavelength 
is 15nm or so at maximum when the drive current is changed, and 
the wavelength dependency of the gain may greatly change. Such a 
shift of the center wavelength is an unfavorable point which results 
in a change in the coupling loss of a WDM coupler that synthesizes 
pumping light. In addition, the optical relay also has a problem, 
that is, it is necessary to re-design Er-doped fiber amplifiers 
B and C in each system. Further, deterioration of the noise 
characteristics due to insertion of a dispersion compensating 
optical fiber is an unavoidable problem in the present system. 
[0011] 

Means for Solving the Problems 

It is therefore an object of the invention to provide a Raman 
amplifier that is able to obtain a necessary gain, is able to 
decrease the wavelength dependency to such a degree that no gain 
flattening filter may be used, and can be used in a band of EDFA. 
It is another object of the invention to provide an optical relay 
that is able to compensate unevenness of the losses in transmission 
lines and DCF without any necessity of re-designing an Er-doped 
fiber amplifier (EDFA) system by system and deteriorating the 
characteristics of the optical relay, by applying the above- 
described Raman amplifier to an optical amplifier which is composed 
of the EDFA and a dispersion compensating optical fiber. And, Raman 
amplification of the DCF means a reduction in the deterioration 
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of the noise characteristics resulting from the DCF insertion, 
which is unavoidable in the prior arts. 
[0012] 

As shown in Fig. 1, Fig. 2 or Fig. 3, a Raman amplifier 
5 described in Claim 1 of the invention is provided with a pumping 
light generating means 1 for generating a plurality of pumping 
lights, and the same Raman amplifier synthesizes a plurality of 
pumping lights outputted from the pumping light generating means 
1 and signal lights which are transmitted to an optical fiber 2, 

10 and applies a Raman gain to the corresponding signal lights , wherein 
the pumping light generating means 1 is composed of a Fabry-Perot 
type, DFB type, DBR type semiconductor laser or MOPA 3, the 
respective pumping lights have the center wavelengths made 
different from each other, and the interval of the center 

15 wavelengths is made into 6nm or more or 35nm or less. 
[0013] 

The Raman amplifier described in Claim 2 of the invention 
is featured in that, with respect to a plurality of pumping lights, 
a difference in wavelength is lOOnm or less between when the center 
20 wavelength is the maximum and when the center wavelength is the 
minimum. 
[0014] 

The Raman amplifier described in Claim 3 of the invention 
is featured, as shown in Fig . 3 , in that the pumping light generating 
25 means 1 is constructed so that it excites signals in two directions 
by causing pumping lights of wavelengths adjacent thereto to 
propagate through the optical fiber 2 in two directions differing 
from each other. 
[0015] 

30 The Raman amplifier described in Claim 4 of the invention 

is featured, as shown in Fig. 3, in that the pump light generating 
means 1 is constructed so that it divides a plurality of pumping 
lights into two groups and disposes the same, and simultaneously 
synthesizes the pumping lights in the respective groups so that 

3 5 pumping light of adjacent wavelengths does not enter the same group, 
and two pumping lights synthesized in the groups are caused to 
propagate through the optical fiber 2 in two directions differing 
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from each other . 
[0016] 

As shown in Fig. 26 or Fig. 27, the Raman amplifier described 
in Claim 5 of the invention further comprises an output light power 
5 controlling means 4 that controls power of respective pumping 
lights in the pumping light generating means 1 on the basis of 
results obtained by monitoring input light or output light, and 
holds the output light power at an appointed value. 
[0017] 

10 As shown in Fig. 4 or Fig. 5, the Raman amplifier described 

in Claim 6 of the invention further comprises an output light power 
controlling means 1 that controls power of respective pumping 
lights in the pumping light generating means 1 on the basis of 
results obtained by monitoring output light including a signal 

15 light that received Raman amplification, and flattens the 
wavelength dependency of the amplifier output. 
[0018] 

As shown in Fig. 4, the Raman amplifier described in Claim 

7 of the invention is featured in that the output light power 
20 controlling means 4 divides monitor light, which is bifurcated from 

the output light, to wavelength light having a wavelength obtained 
by, respectively, adding approximately lOOnm to the wavelengths 
of respective pumping lights, monitors the respective wavelength 
lights, and controls power of the respective pumping lights in the 
25 pumping light generating means 1 so that the power of the respective 
wavelength lights is matched to each other. 
[0019] 

As shown in Fig. 5, the Raman amplifier described in Claim 

8 of the invention is featured in that the output light power 
30 controlling means 4 distributes the monitor light, which is 

bifurcated from the output light into, the same number as that of 
the pumping lights, monitors the respective wavelength lights by 
transmitting wavelength light obtained by, respectively, adding 
approximately lOOnm to the wavelengths of the respective pumping 
35 lights through the same, and controls the respective pumping light 
power of the pumping light generating means 1 so that the power 
of the respective wavelength lights is matched to each other. 
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[0020] 

The Raman amplifier described in Claim 9 of the invention 
further comprises, as shown in Fig. 28, an output light power 
controlling means 4 that monitors input light power and output light 
5 power, controls the respective pumping light power of the pumping 
light generating means 1 so that the ratio of the power is fixed, 
and holds the gain at an appointed value. 
[0021] 

As shown in Fig. 1, Fig. 2 or Fig. 3, the Raman amplifier 
10 described in Claim 10 of the invention is featured in that the 
pumping light generating means 1 is constructed so that an external 
resonance unit 5 for stabilizing a wavelength such as a fiber 
grating is provided at the output side of a Fabry-Perot type 
semiconductor laser 3 . 
15 [0022] 

As shown in Fig. 1, Fig. 2 or Fig. 3, the Raman amplifier 
described in Claim 11 of the invention is featured in that the 
pumping light generating means 1 is constructed so that a 
polarization synthesizer 6 polarizes and synthesizes the pumping 
2 0 lights, at the output side of the Fabry- Perot type semiconductor 
laser 3 . 
[0023] 

As shown in Fig. 1, Fig. 2 or Fig. 3, the Raman amplifier 
described in Claim 12 of the invention is featured in that the 

25 pumping light generating means 1 is constructed so that a 
Fabry-Perot type, DFB type, DBR type semiconductor lasers of a 
plurality of wavelengths or a MOPA constructed by providing a plane 
light wave circuit type wavelength synthesizer whose principle is 
a Mach-Zehnder interferometer. 

30 [0024] 

As shown in Fig. 6(a) and Fig. 6(b), the Raman amplifier 
described in Claim 13 of the invention further comprises a 
polarization plane turning means 7 that rotates the polarization 
plane by 90 degrees, is featured in that a plurality of pumping 
35 lights, which are generated by the pumping light generating means 
1, and pumping lights, the polarization plane of which is orthogonal 
to the respective pumping lights that are generated by the 



polarization plane turning means 7, exist in the optical fiber 2 

at the same time. 

[0025] 

The Raman amplifier described in Claim 14 of the invention 
5 is featured in that the non-linear type refraction ratio n2 of the 
optical fiber 2 for amplification is 3 . 5E-20 [m2/w] . 
[0026] 

The Raman amplifier described in Claim 15 of the invention 
is featured in that the optical fiber 2 for amplif ication is 
10 provided as a part of the transmission lines. 
[0027] 

In the Raman amplifier described in Claim 16 of the invention, 
the amplif ication fiber 2 is used as a transmission line, and the 
same is constructed by connecting SMF and a fiber having dispersion 
15 of -20/ps/nm/km or less. 
[0028] 

The Raman amplifier described in Claim 17 of the invention 
is featured in that the amplification fiber 2 is used as a 
transmission line, and the same is constructed by connecting SMF 

2 0 to a fiber having a dispersion of -2 Ops/nm/km, wherein pumping light 

is propagated from the fiber having a dispersion of -2 Ops/nm/km 
or less to the SMF. 
[0029] 

The Raman amplifier described in Claim 18 of the invention 
25 is featured in that the optical fiber 2 for amplification is 
independent from a transmission fiber that transmits signal light, 
and is provided as the Raman amplification fiber which can be 
inserted into the same transmission fiber. 
[0030] 

3 0 As shown in Fig. 7, the optical relay described in Claim 19 

of the invention is an optical relay inserted into an optical fiber 
transmission line 8, which compensates a loss in the same optical 
fiber transmission line 8, including a Raman amplifier 9 described 
in any one of Claims 1 through 14, is featured in that a loss in 
3 5 the optical fiber transmission line 8 is compensated by the same 
Raman amplifier 9. 

[0031] . . 
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As shown in Fig. 29 through Fig. 32, the optical relay 
described in Claim 20 of the invention is featured in that residual 
pumping light in the Raman amplif ier 9 is made incident into the 
optical fiber transmission line 8, and a Raman amplification effect 
5 in the optical fiber transmission line 8 is utilized. 
[0032] 

As shown in Fig. 8, the optical relay described in Claim 21 
of the invention is featured in that a rare-earth doped fiber 
amplifier 10 is provided before or after the Raman amplifier 9 or 
10 at both sides thereof. 
[0033] 

As shown in Fig. 33 through Fig. 36, the optical relay 
described in Claim 22 of the invention is featured in that the 
residual pumping light of the Raman amplifier 9 is utilized as 
15 pumping light of the rare-earth doped fiber arrplifier 10. 
[0034] 

The optical relay described in Claim 23 of the invention is 
an optical relay inserted into the optical fiber transmission line 
8, which compensates wavelength dispersion in the optical fiber 

20 transmission line 8, further includes a Raman amplifier 9 described 
in any one of Claims 1 through 14, and is featured in that the same 
compensates wavelength dispersion in the optical fiber 
transmission line 8 by using a dispersion compensating fiber in 
the optical fiber 2, and compensates a part or the whole of the 

25 loss in the optical fiber transmission line 8 and optical fiber 
2 for amplification. 
[0035] 

As shown in Fig. 29 through Fig. 32, the optical relay 
described in Claim 24 of the invention is featured in that the 
30 residual pumping light of the Raman amplifier 9 is made incident 
into the optical fiber transmission line 8, and a Raman 
amplification effect in the optical fiber transmission line 8 is 
utilized. 
[0036] 

35 A shown in Fig. 8, the optical relay described in Claim 25 

of the invention is featured in that the rare-earth doped fiber 
amplifier 10 is provided before or after the Raman amplifier 9 or 
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at both sides thereof. 
[0037] 

As shown in Fig. 33 through Fig. 36, the optical relay 
described in Claim 2 6 of the invention is featured in that the 
5 residual pumping light of the Raman amplifier is utilized as pumping 
light of the rare-earth doped fiber amplifier 10. 
[0038] 

As shown in Fig. 9, the optical relay described in Claim 27 
of the invention further includes a controlling means that 
10 compensates a fluctuation in the input level to the optical fiber 
2 being a dispersion compensating fiber and a fluctuation in the 
loss in the same fiber 2 by Raman amplification in the same optical 
fiber 2, and holds an output from the corresponding optical fiber 

2 at an appointed value. 
15 [0039] 

As shown in Fig. 10, the optical relay described in Claim 
28 of the invention further includes a controlling means that 
compensates a loss or a gain in the optical fiber 2 being the 
dispersion compensating fiber by Raman amplification and holds the 
20 same at a fixed level. 
[0040] 

The optical relay described in Claim 29 of the invention is 
featured in that the gain of the rare-earth doped fiber amplifier 
10 is kept at a fixed level and the gain of the relay is adjusted 
25 by the gain of the Raman amplifier 9. 
[0041] 

As shown in Fig. 11, the optical relay described in Claim 

3 0 of the invention is featured in that the wavelength dependency 
of the gain of the rare-earth doped fiber amplifier 10 is 

30 compensated by the wavelength dependency of the gain of the Raman 
amplifier 9. 
[0042] 

As shown in Fig. 8, an optical relay described in Claim 3 
of the invention, inserted into an optical fiber transmission line 
35 8, which compensates wavelength dispersion in the optical fiber 
transmission line 8, further including a Raman amplifier in which 
the wavelength of the pumping light is single, is featured in that 
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a rare-earth doped fiber amplifier 10 is provided before or after 
the Raman amplifier 9 or at both sides thereof, and a dispersion 
compensating fiber is used for an optical fiber 2 for amplification 
of the Raman amplifier 9. 
5 [0043] 

The optical relay described in Claim 32 of the invention is 
featured, as shown in Fig. 33 through Fig. 36, in that the residual 
pumping light of the Raman amplif ier 9 is utilized as pumping light 
of the rare-earth doped fiber amplifier 10 . 
10 [0044] 

As shown in Fig. 9, the optical relay described in Claim 33 
further includes a controlling means that compensates a fluctuation 
in an input level to an optical fiber 2 for Raman amplification, 
which is a dispersion compensating fiber, and a fluctuation in loss 
15 in the same fiber 2 by Raman amplification in the same fiber 2, 
and holds an output of the corresponding optical fiber 2 at an 
appointed value. 
[0045] 

As shown in Fig. 10, the optical relay described in Claim 
2 0 34 of the invention further includes a controlling means that 
compensates a loss or a gain in the optical fiber 2 for Raman 
amplification, which is a dispersion compensating fiber, by Raman 
amplification in the same optical fiber 2, and holds the same at 
an appointed value. 
25 [0046] 

As shown in Fig. 11, the optical relay described in Claim 
35 of the invention is featured in that the gain of the rare-earth 
doped fiber amplifier 10 is held at a fixed level and the gain of 
the relay is adjusted by the gain of the Raman amplifier 9. 
30 [0047] 

Next, a description is given of a Raman amplifier according 
to the invention and an optical relay provided with the Raman 
amplifier. As shown in Figs. 1, 2, and 3, where, in the Raman 
amplifier described in Claim 1 of the invention, a small-sized and 
35 Fabry- Perot type semiconductor laser 3 having comparatively high 
output is used in the pumping light generating means 1, it is 
possible to obtain a comparatively high gain. Also, since the 
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oscillation wavelength has a wide stroke width in the Fabry-Perot 
type semiconductor laser 3, almost all induction Brillouin 
scattering due to pumping light can be prevented from occurring. 
Where a DBF type or DBR type semiconductor laser or a MOPA is used, 
5 since the range of fluctuation in the oscillation wavelength is 
comparatively narrow, the gain profile does not change, as a result 
of the drive conditions. In addition, with modulation applied, it 
is possible to prevent the induction Brillouin scattering from 
occurring . 
10 [0048] 

Further, by making the spacing of the center wavelength of 
the pumping light into 6nm or more but 35nmm or less, it is possible 
to make the wavelength dependency of the gain small to such a degree 
that no gain flattening filter is required. The reason why the 

15 spacing of the center wavelength of the pumping light is made into 
6nm or more is to enable the oscillation band width of a Fabry- Perot 
type semiconductor laser 3 to which an external resonance unit 5 
having a narrow reflection band width is connected' to be 
approximately 3nm as shown in Fig. 12 and a WDM coupler 11 (Fig. 

20 1, Fig. 2 and Fig. 3) to synthesize the pumping light to be caused 
to have some allowance with respect to the wavelength spacing 
between the pumping lights to improve the synthesizing efficiency. 
The WDM coupler 11 is designed so that lights of different 
wavelengths are inputted from separate ports, and the incident 

25 lights are coupled to an output port without receiving any loss. 
However, with respect to light of an intermediate wavelength of 
the designed wavelengths, the loss is increased even if either one 
of the ports is used. For example, in a certain WDM coupler 11, 
the width of the wavelength band in which the loss is increased 

30 was 3nm. Therefore, 6nm that is obtained by adding 3nm to the band 
width of a semiconductor laser 3 as shown in Fig. 12 is adequate 
as the lower limit of the spacing of the center wavelength of pumping 
light so that a band of the semiconductor lasers 3 is not included 
in this band. On the other hand, if the spacing of the center 

35 wavelength of the semiconductor laser 3 as shown in Fig. 13(a) is 
made into 35nm or more, a valley is produced in the gain at an 
intermediate portion of Raman gain band, which is obtained by 
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pumping lights of adjacent wavelengths, wherein the gain flattening 
degree is worsened. This results from that, with respect to a Raman 
gain obtained by one pumping light, the gain is reduced to half 
at a point far from 15nm through 20nm from the gain peak wavelength. 
5 Therefore, by making the spacing of the center wavelength of the 
pumping light into 6nm or more but 35nm or less, it is possible 
to make the wavelength dependency of the gain small to such a degree 
that no gain flattening filter is required. 
[0049] 

10 In a Raman amplifier described in Claim 2 of the invention, 

in order to make a difference between the maximum value of the center 
wavelength of pumping light and the minimum value thereof into lOOnm 
or less, it is possible to prevent the waveform of signal light 
from deteriorating by preventing the pumping light and signal light 

15 from overlapping each other. Since the wavelength of the pumping 
light is near the wavelength of the signal light, this results in 
deterioration of the waveform of the signal light. Therefore, it 
is necessary to select the wavelength of pumping lights and that 
of signal light so that the wavelengths do not overlap each other. 

2 0 However, if the difference between the maximum value of the center 

wavelength of pumping light and the minimum value thereof is made 
into lOOnm or less in a case where the pumping light is in a band 
of 1.4|lm, as shown in Fig. 14, a difference between the center 
wavelength of a gain which is produced by one pumping light and 
25 the wavelength of the pumping light is approximately lOOnm. 
Therefore, it is possible to prevent the wavelength of the pumping 
light and that of the isignal light from overlapping each other. 
[0050] 

Since the Raman amplifier described in Claims 3 and 4 of the 

3 0 invention is constructed so that pumping lights of adjacent 

wavelengths are caused to propagate in two directions different 
from each other through an optical fiber 2 and signal lights are 
excited bidirectional ly, it is possible to slacken the wavelength 
characteristics that are requested for a WDM coupler 11 shown in 
35 Fig. 1, Fig. 2 and Fig. 3. As shown in Fig. 15, this is because, 
although the center wavelengths become X lf X 2 , X 3 , and X 4 in all the 
pumping lights included in the two directions and the spacing 
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thereof is 6nm or more but 35nm or less, as regards only one- 
direction pumping lights, the center wavelengths become X 1 and X 3 , 
and X 2 and A, 4 , wherein the spacing of the wavelengths is doubled, 
and the characteristics requested for the WDM coupler 11 are caused 
5 to have some allowance. 
[0051] 

The Raman amplifier described in Claim 5 of the invention 
monitors input light into the Raman amplifier and output light 
therefrom, controls respective pumping light power of the pumping 

10 light generating means 11 on the basis of the results thereof, and 
is provided with a controlling means 4 that holds the output light 
power of the Raman amplifier on an appointed value. Therefore, it 
is possible to obtain a fixed output, not dependent upon a 
fluctuation in the input signal power into the Raman amplifier and 

15 a loss of a Raman amplification fiber. 
[0052] 

Since the Raman amplifier described in Claim 6 of the 
invention is provided with an output light power controlling means 
4 for flattening the Raman gain, the gain can be flattened. In 

20 particular, the Raman amplifiers described in Claims 7 and 8 monitor, 
as shown in Fig. 16(a) and Fig. 16(b), the light of a wavelength 
that is obtained by adding approximately lOOnm to the wavelength 
of respective pumping lights and control the power of the respective 
pumping lights so that the power of the wavelengths is matched to 

25 each other. Therefore, it is possible to flatten the gain. Also, 
in a Raman amplifier to which a fiber grating (external resonance 
unit 5) for stabilizing the wavelength, which is described later, 
is connected, since a change in the center wavelength due to a change 
in the drive current can be suppressed, it can be used as a means 

30 for enabling control of the gain. 
[0053] 

Since the Raman amplifier described in Claim 9 of the 
invention monitors the input signal power and output signal power, 
controls the pumping light power so that the ratio thereof becomes 
35 fixed, and is provided with a controlling means 4 that holds the 
gain of the Raman amplifier at a fixed value, it is possible to 
obtain a fixed gain, not dependent upon a fluctuation in the input 
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signal power into the Raman amplifier and a loss of a Raman 

amplification fiber. 

[0054] 

In the Raman amplifier described in Claim 10 of the invention, 
5 since an external resonance unit 5 for stabilizing a wavelength 
such as a fiber grating is provided at the output side of a 
Fabry- Perot type semiconductor laser 3 , it is possible to suppress 
noise resulting from a fluctuation in gain, which results from a 
mode hop of the Fabry- Perot type semiconductor laser 3. Also, if 

10 the external resonance unit 5 for stabilizing a wavelength is 
connected to the semiconductor laser 3, this results in a narrowing 
of the wavelength band as regards one pumping light source . However, 
since it is possible to narrow the spacing between wavelengths when 
synthesizing by a WDM coupler 11 (Fig. 1, 2 and 3 ) , finally, apumping 

15 light can be obtained at a higher output in a wide band. 
[0055] . 

Since, in the Raman amplifier described in Claim 11 of the 
invention, pumping lights of the semiconductor laser 3 are 
polarized, synthesized and used wavelength by wavelength, the 

2 0 polarization dependency of gain can be solved, and simultaneously, 

it is possible to increase the pumping light power in the Raman 
amplification. Since a gain can be obtained in only components, 
which are coincident with the polarization of the pumping lights, 
in the Raman amplif ication, the gain may fluctuate due to a 
25 fluctuation in relative polarization of signal light and pumping 
light where the pumping light is of linear polarization and the 
amplification fiber is not a polarization holding fiber. However, 
if the pumping light source of the linear polarization is 
synthesized so that the plane of polarization is made orthogonal 

3 0 to each other, the polarization dependency of the gain can be solved, 

and at the same time, the pumping light power inputted into a fiber 

can be increased. 

[0056] 

In the Raman amplifier described in Claim 12 of the invention, 
35 since a plane light wave circuit type wavelength synthesizer whose 
principle is a Mach-Zehnder type interferometer is used as a means 
for synthesizing a Fabry- Perot type, DFB type, DBR type 
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semiconductor lasers of a plurality of wavelengths or MOPA thereof, 
it is possible to synthesize wavelengths at a remarkably low loss 
in a case of synthesizing a number of Fabry- Perot type semiconductor 
lasers of a plurality of wavelengths, wherein it is possible to 
5 obtain pumping light of high output. 
[0057] 

The Raman amplifier described in Claim 13 of the invention 
is provided with a polarization plane turning means 7 that turns 
the plane of polarization by 90 degrees as shown in Fig. 6, and 

10 is constructed so that a plurality of pumping lights generated by 
the pumping light generating means 1 and pumping lights whose planes 
of polarization are orthogonal thereto coexist at the same time, 
it is possible to obtain a fixed gain at all times in principle 
even if the plane of polarization of the signal light is of any 

15 type. Since the band of the Raman amplification depends on the band 
of the pumping light, synthesizing of pumping lights of a plurality 
of wavelengths by the WDM coupler 11 makes the pumping light wide, 
which is incident into the optical fiber 2 for amplification, and 
resultantly, the Raman gain can be made wide. 

20 [0058] 

Since an optical fiber whose non-linear type refractive 
index n2 is 3 . 5E through 20[m2/W] or more is used as the optical 
fiber 2 in the Raman amplifier described in Claim 14 of the invention, 
a sufficient effect of amplification can be obtained although being 

25 a result of the previous studies. 

[0059] Since, in the Raman amplifiers described in Claims 15 through 
17 of the invention, the optical fiber 2 exists as a part of a 
transmission fiber that causes signal light to propagate, it is 
possible to construct an amplifier in a transmission fiber as it 

3 0 is. 

[0060] 

Since, in the Raman amplifier described in Claim 18 of the 
invention, the optical fiber 2 exists as a Raman amplification fiber 
that is independent from a transmission fiber line for propagating 
35 signal lights and is inserted into the same transmission fiber, 
it is possible to easily utilize an optical fiber, which is suitable 
for Raman amplification, and a wavelength dispersion compensating 
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fiber for the optical fiber 2, and it is possible to construct a 

centralized type amplifier. 

[0061] 

Since, in the Raman amplifier described in Claim 19 of the 
invention, a loss of the optical fiber transmission line 8 is 
compensated by using a Raman amplifier, it is possible to obtain 
an optical relay having an action of the Raman amplifier described 
in Claims 1 through 18. 
[0062] 

In the optical relays described in Claims 20 and 24 of the 
invention, the residual pumping light of the Raman amplif ier is 
made incident into the optical fiber transmission line 8, and a 
Raman amplif ication effect in the optical fiber transmission line 
8 is utilized, wherein a part of the loss of the optical fiber 
transmission line 8 can be compensated . 
[0063] 

The optical relay described in Claim 21 of the invention is 
provided with a rare-earth doped fiber ajmplif ier 9 before or after 
the Raman amplifier or at both sides thereof, wherein, since the 
loss of an optical fiber transmission line 8 is compensated by the 
Raman amplifier 9 and rare earth doped fiber amplifier 10, it is 
possible to obtain desired amplification characteristics suitable 
for various communications systems . 
[0064] 

In the optical relay described in Claims 22 and 26 of the 
invention, since the residual pumping light of the Raman amplifier 
is utilized as pumping light of the rare earth doped fiber amplifier 
10, it is possible to reduce the number of semiconductor lasers 
used. 
[0065] 

Since the optical relay described in Claim 23 of the invention 
employs a dispersion compensating fiber for an optical fiber 2 for 
the Raman amplifier 9, the wavelength dispersion of the optical 
fiber transmission line 8 is compensated by the corresponding Raman 
amplifier 9, and a part or all of the loss in the optical fiber 
transmission line 8 and amplification fiber 2 can be compensated. ' 
[0066] 
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The optical relay described in Claim 25 of the invention is 
provided with a rare earth doped fiber amplifier 10 before or after 
the Raman amplifier 9 or at both sides thereof. Since the Raman 
amplifier 9 and rare earth doped fiber amplifier 10 compensate a 
5 loss and wavelength dispersion in the optical fiber transmission 
line 8, it is possible to obtain desired amplification 
characteristics suitable for various communications systems . 
[0067] 

Also, in a construction, in which a Raman amplifier 9 and 
10 a rare earth doped fiber amplifier 10 are combined, in the present 
invention, a description is given of the case where an optical relay 
adaptive to various systems can be obtained, with reference to an 
example in which a DCF is used for an amplif ication fiber of the 
Raman amplifier 9. Fig. 17 shows an example of a design parameter 
15 of a prior art optical relay. Gl and G2 differ system by system. 
Also, it is unavoidable that the loss in the relay input and DCF 
fluctuates due to unevenness in the spacing of the relays and 
unevenness in the DCF. The fluctuation directly relates to a 
fluctuation in the gain of the EDFA, and the fluctuation in the 
20 gain results in deterioration of the flattening degree. Fig. 18 
shows the relationship between the gain of EDFA and the flattening 
degree as an example. However, since optimizing of the flattening 
degree is carried out with the use band and average gain limited, 
if the average gain slips from the optimized point, the wavelength 

2 5 dependency of the gain fluctuates, and the flattening degree 

deteriorates. In order to avoid deterioration of the flattening 
degree, it is necessary to keep the gain of the EDFA fixed. In prior 
arts, a variable attenuator was used as a means for compensating 
losses in the input level and DCF. Fig. 19(a) shows an example in 
30 which, on the basis of a fluctuation in the input level, the amount 
of attenuation of the variable attenuator is adjusted, and the input 
level into the DCF is controlled to be fixed, and Fig. 19 (b) shows 
an example in which, on the basis of a fluctuation in the loss in 
DCF, the amount of attenuation is adjusted, and the intermediate 

3 5 loss is controlled to be fixed. In either case, two EDFAs have fixed 

gain. However, since the method may add useless loss by the variable 
attenuator, it is disadvantageous in view of the noise 
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characteristics . 
[0068] 

In the invention, it is not necessary to design EDFA system 
by system while keeping the gain of the EDFA, by compensating a 
5 fluctuation in design parameters of a relay by a Raman amplification 
effect of the DCF, and the flattening degree does not sacrifice 
any noise characteristics, wherein it is possible to compensate 
unevenness in the spacing between the relays and unevenness of the 
DCF. Fig. 20 shows the design values of EDFA where the Raman 

10 amplification effect of DCF is applied to the relay specification 
shown in Fig. 17. By suitably selecting a Raman gain of the DCF, 
it is possible to carry out the characteristics of the EDFA, which 
are requested with respect to three types of specifications. In 
addition, as shown in Fig. 21(a) and Fig. 21(b), fluctuations in 

15 the input level and DCF loss can be compensated by varying the Raman 
gain without changing the gain of the EDFA. In any case, the Raman 
amplification gain is adjusted so that the output level of the DCF 
becomes constant, while keeping the gain of the EDFA fixed. Further, 
compensation of a loss in the DCF itself by Raman amplification 

20 relieves the deterioration of noise characteristics resulting from 
insertion of the DCF, which is unavoidable in the prior arts. Fig. 
37 shows measured values of the amount of deterioration of a noise 
index where the DCF is inserted, and the amount of deterioration 
of a noise index where a Raman amplifier using the same DCF is 

25 inserted. 
[0069] 

Since the optical relays described in Claims 29 through 35 
of the invention are provided with a Raman amplifier in which the 
wavelength of pumping light is single, it is possible to obtain 

30 optical relays, which have a narrow range of actuation and have 
a simple construction, having characteristics equivalent to the 
optical relays previously described other than the band width, in 
comparison with optical relays provided with a Raman amplifier that 
are excited by a plurality of wavelengths. Fig. 38 and Fig. 39 show 

35 measured examples of an optical relay which is provided with a Raman 
amplifier and is excited by a single wavelength, and an optical 
relay which is provided with a Raman amplifier and is excited by 
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a plurality of wavelengths. 
[0070] 

Embodiments of the Invention 

5 (Embodiment 1 of the Raman amplifier) 

Fig. 1 shows a first embodiment of the Raman amplifier 
according to the invention that is composed of a signal light input 
fiber 12, an amplifier fiber (optical fiber) 2, a WDM coupler 13, 
a pumping light generating means 1, a monitor light distributing 
10 coupler 14, a monitor signal detection and LD control signal 
generating circuit 15, a signal light output fiber 16, and a 
polarization non-dependent isolator 25, wherein the monitor light 
• distributing coupler 14 and monitor signal detection and LD control 
signal generating circuit 15 constitute an output light power 
15 controlling means 4. 
[0071] 

The pumping light generating means 1 is composed of Fabry-Perot 
type semiconductor lasers 3 (3 1 , 3 2 , 3 3 , and 3 4 ) , fiber gratings 
(external resonance units) 5 (5 X , 5 2 , 5 3 , and 5 4 ) for stabilizing 

2 0 a wavelength, polarization synthesizing couplers (polarization 

synthesizers) 6 {6 1 and 6 2 ) , and a WDM coupler 11. Herein, both the 
oscillation wavelength of the semiconductor lasers 3 X and 3 2 and 
transmission wavelength of the fiber gratings 5 1 and 5 2 are the same 
wavelength \. Both the center wavelength of the semiconductor 
25 lasers 3 3 and 3 4 and transmission wavelength of the fiber gratings 
5 3 and 5 4 are the same wavelength X 2 . The oscillation wavelengths 
of the semiconductor lasers 3 X , 3 2 , 3 3 and 3 4 are constructed so that 
the center wavelengths thereof are stabilized by actions of the 
fiber gratings 5 lt 5 2 , 5 3 and 5 4 for stabilizing a wavelength. Also, 

3 0 the spacing between the wavelengths X ± and X 2 is made into 6nm or 

more but 35nm or less. 
[0072] 

The pumping lights generated by the above-described 
semiconductor lasers 3 (3 1/ 3 2 , 3 3 , and 3 4 ) are polarized and 
3 5 synthesized by the polarization synthesizing couplers 6 for the 
respective wavelengths X x and X 2 , and the output lights of the 
respective polarization synthesizing coupler 6 are synthesized by 
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the WDM coupler 11 and become output lights from the pumping light 
generating means 1. Connection was made between the semiconductor 
laser 3 and the polarization synthesizing coupler 6 by a 
polarization plane holding fiber 17, and the plane of polarization 
5 is constructed so that two different types of pumping lights are 
obtained. The output light of the pumping light generating means 
1 is coupled to the amplification fiber 2 by the WDM coupler 13. 
On the other hand, the signal light (wavelength division 
synthesized light) is made incident into the amplification fiber 

10 2 by the signal light input fiber 12 , is synthesized with the pumping 
light of the pumping light generating means 1 by the same 
amplification fiber 2, and is Raman-amplified. Further, the same 
signal light passes through a WDM coupler 13 , wherein a part thereof 
is bifurcated as a monitor light by a monitor light bifurcating 

15 coupler 14, and the remaining thereof is outputted to a signal light 
output fiber 16 . The above-described monitor signal is monitored 
by a monitor signal detection and LD control signal generating 
circuit 15, and the same circuit 15 generates signals for 
controlling a drive current of the respective semiconductor lasers 

20 3 so that a deviation in the gain in the signal wavelength band 
can be made small . 
[0073] 

A special fiber, for example, a fiber in which the non-linear 
refractive index n2 is 3 . 5E through 20[m2/W] or more may be used 

25 as the above-described amplification fiber 2, and a signal input 
fiber 12 into which signal lights are made incident may be extended 
and may be used as the amplifier fiber 2 as it is. In addition, 
a RDF (Reverse Dispersion Fiber) whose dispersion is less than 
-20ps/nm per km is connected to SMF, and may be used as an 

3 0 amplif ication fiber, which is concurrently used as a transmission 
line. (Generally, since the. RDF has a dispersion that is less than 
-20ps/nm, it is better that the RDF is used at a length equivalent 
to that of SMF through two times the length of SMF) . In such a case, 
it is advantageous that the RDF and SMF are constructed so that 

3 5 the pumping light for Raman amplification propagates from the RDF 
toward the SMF. The Raman amplifier is constructed so that the 
amplification fiber 2 is connected to or inserted into a 
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transmission fiber (not illustrated) through which signal lights 
are transmitted, wherein a set of an amplification fiber 2, a 
pumping light generating means 1, a WDM coupler 13, a monitor 
bifurcating coupler 14, a monitor signal detection and LD control 
signal generating circuit 15 is incorporated to construct a 
centralized Raman amplifier. 
[0074] 

Fig. 22 shows measurement of output spectra in the Raman 
amplifier of Fig. 1. The pumping light wavelengths X 1 and X 2 are 
143 5nm and 1465nm, and the signal lights are such that eight waves 
are inputted with the same spacing between -20dBm/ch 1540nm through 
1560nm. The amplification fiber is approximately 6km long 
dispersion compensating fiber, wherein a deviation between the 
channels is kept 0 . 5dB or less, and the power of the pumping lights 
is adjusted so that a loss in the dispersion compensating fiber 
can be compensated. 
[0075] 

(Embodiment 2 of the Raman amplifier) 

Fig. 2 shows a second embodiment of the Raman amplifier of 
the invention, which is constructed so that pumping lights from 
the pumping light generating means 1 are caused to advance through 
an amplification fiber 2 in the same direction as the signal light. 
In detail, a WDM coupler 13 is provided at the forward end side 
of the amplification fiber 2 , and the pumping light from the pumping 
light generating means 1 is transmitted from the forward end side 
(input side) of the amplification fiber 2 to the rear end side 
(output side) thereof through the WDM coupler 13 . With this 
construction, since signals are amplified before any attenuation 
occurs, it has been publicly known that, in comparison with the 
construction of the first embodiment, the noise characteristics 
of signal light are better. Also, it has been publicly known that, 
in comparison with the construction of the first embodiment, the 
gain is small. 
[0076] 

(Embodiment 3 of the Raman amplifier) 

Fig. 3 shows a third embodiment of the Raman amplifier of 
the invention, which is constructed so that pumping lights from 
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the pumping light generating means 1 is caused to advance 
bidirectionally through an amplification fiber 2 . In detail, a WDM 
coupler 13 is provided at the forward end side and the rearward 
end side of the amplification amplifier 2 separately, and the 
5 pumping light from the pumping light generating means 1, which are 
grouped into two, are respectively coupled to the amplification 
fiber 2 through the WDM coupler 13, wherein the pumping light 
inputted into the WDM coupler 13 at the forward end side is caused 
to advance to the rearward end side of the amplification fiber 2, 
10 and the pumping lights inputted into the WDM coupler 13 at the 
rearward end side are caused to advance to the forward end side 
of the amplification fiber 2 . 
[0077] 

Either of the center wavelength of the semiconductor lasers 
15 3 X and 3 2 belonging to the first group W A" of the above -described 
pumping light generating means 1 and that of the semiconductor 
lasers 3 5 and 3 6 belonging thereto is the same, and either of the 
center wavelength of the semiconductor lasers 3 3 and 3 4 belonging 
to the first group "A" of the above-described pumping light 
20 generating means 1 and that of the semiconductor lasers 3 7 and 3 8 
belonging to the second group U B" is the same. In addition, the 
fiber gratings 51 through 58 are matched to the center wavelength 
of the semiconductor lasers 3 to which each thereof is connected. 
[0078] 

25 (Embodiment 4 of the Raman amplifier) 

In the embodiment shown in Fig. 3, X lf X 2 , X 2 , and X 4 may be, 
respectively, constituted as the wavelength adjacent to each other 
where it is assumed that the center wavelength of the semiconductor 
lasers 3 1 and 3 2 belonging to the first group U A" is X lt the center 

30 wavelength of the semiconductor lasers 3 3 and 3 4 belonging to the 
first group "A" is X 2 , ^ center wavelength of the semiconductor 
lasers 3 5 and 3 6 belonging to the second group "B" is X 2 , and the 
center wavelength of the semiconductor lasers 3 7 and 3 a belonging 
to the second group "B" is X 4 . In this case, the spacing of the center 

35 wavelength is lOnm or more but 30nm or less, wherein a difference 
between the maximum center wavelength X^ and the minimum center 
wavelength X 1 is lOOnm or less. With such a- construction, it is 
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possible to secure allowance in the spacing between the wavelengths 
of pumping lights synthesized in the same group, and the performance 
that is requested for the WDM coupler 4 can be slackened. 
[0079] 

5 (Embodiment 5 of the Raman amplifier) 

Fig. 40 shows a fifth embodiment of a Raman amplifier 
according to the invention. The embodiment is such that some 
suitable ones are selected from the Raman amplifier 9 described 
in the respective above-described embodiments and these are 

10 connected in multilayers . By adequately selecting Raman amplifiers 
whose features differ from each other, in compliance with the 
desired amplification characteristics and noise characteristics, 
it is possible to obtain characteristics that cannot be obtained 
by a single Raman amplifier. 

15 [0080] 

In the respective above-described embodiments, the output 
light power controlling means 4 may be constructed as shown in Fig . 
4 or Fig. 5 . The construction shown in Fig. 4 is such that a monitor 
signal detection and LD control signal generating circuit 

20 consisting of a wavelength divider 18, a photo-electric converting 
means 19 such as a photo diode, etc., and an LD control circuit 
20 is connected to a monitor light bifurcating coupler 14 shown 
in Fig. 1, Fig. 2, or Fig. 3. The wavelength divider 18 divides 
output light bifurcated by the monitor light bifurcating coupler 

25 14 into lights having a plurality of wavelengths. In this case, 
the wavelength divider 18 divides light in the vicinity of the 
maximum amplif ication wavelength (a wavelength obtained by adding 
lOOnm to the wavelength of a pumping light) brought about by 
individual pumping lights, and in detail, divides a light of a 

30 wavelength in the vicinity of 1530nm and 1560nm if the pumping 
wavelength is 1430nm and 1460nm. The . photo-electric converting 
means 19 converts a light of a wavelength received to electric 
signals, wherein the output voltage varies in response to the 
intensity of a light receiving level. The LD control circuit 20 

35 varies the drive current of the semiconductor lasers 3 in response 
to the output voltage from the photo-electric converting means 19, 
wherein the LD control circuit 20 processes and calculates the 
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output voltage from the photo-electric converting means 19 and 
controls the semiconductor lasers 3 so that the light power of the 
respective above-described wavelength lights are matched to each 
other. That is, the output light power controlling means 4 solves 
5 the wavelength dependency of a Raman gain and functions to flatten 
the gain. 
[0081] 

The construction shown in Fig. 5 is such that a monitor signal 
detection and LD control signal generating circuit 15 consisting 

10 of a bifurcating coupler 21, a band-pass filter 22 , a photo-electric 
converting means 19 such as a photo diode, etc. , and an LD control 
circuit 20 is connected to the monitor light bifurcating coupler 
14 shown in Fig. 1, Fig. 2 or Fig. 3. The bifurcating coupler 21 
bifurcates the output light, which is bifurcated by the monitor 

15 light bifurcating coupler 14, into the same number as the number 
of pumping lights. The band-pass filter 22 has transmission center 
wavelengths differing from each other. In this case, the filter 
22 transmits light in the vicinity of the maximum amplification 
wavelength (a wavelength obtained by adding lOOnm to the wavelength 

20 of a pumping light) brought about by individual pumping lights, 
and in detail, transmits a light of a wavelength in the vicinity 
of 1530nm and 1560nm if the pumping wavelength is 1430nm and 1460nm. 
The photo-electric converting means 19 converts a light of a 
wavelength received to electric signals, wherein the output voltage 

25 varies in response to the intensity of a light receiving level. 
The LD control circuit 20 varies the drive current of the 
semiconductor lasers 3 in response to the output voltage from the 
photo-electric converting means 19, wherein the LD control circuit 
20 processes and calculates the output voltage from the photo- 

30 electric converting means 19 and controls the semiconductor lasers 
3 so that the light power of the respective above-described 
wavelength lights are matched to each other. That is, the output 
light power controlling means 4 solves the wavelength dependency 
of a Raman gain and functions to flatten the gain. Fig. 4 and Fig. 

35 5 show a construction that monitors an output light as shown in 
Fig. 27 and controls the pumping light generating means 1 . However, 
the construction may be constituted so as to control the pumping 



31 



light generating means 1 by monitoring the input light as shown 
in Fig. 26, or so as to control the pumping light generating means 
1 by monitoring both output light and input as shown in Fig. 28. 
[0082] 

5 In the Raman amplifiers according to the respective 

above-described construction, a polarization plane turning means 
7 that turns the plane of polarization of pumping light by 90 degrees 
as shown in Fig. 6(a) and Fig. 6(b) is provided instead of 
synthesizing the pumping light by a polarization synthesizing 

10 coupler 6, so that a plurality of pumping lights generated by the 
pumping light generating means 1 and pumping lights whose plane 
of polarization is orthogonal thereto exist in the amplification 
fiber 2 at the same time. Fig. 6(a) shows a Raman amplifier 
constructed so that a Faraday rotor 31 and an entire-reflection 

15 mirror 32 are provided at one end of the amplification fiber 2, 
and the plane of polarization of a pumping light propagated to the 
amplification fiber 2 is turned by 90 degrees, and again the pumping 
light is returned to the amplification fiber 2 . In the same drawing, 
no means for picking up a signal light, which is propagated to the 

20 amplif ication fiber 2 and Raman-amplified, from the same fiber 2 
is shown. Fig. 6 (b) shows a Raman amplifier constructed so that PBS 

33 and a polarization plane holding fiber 34 are provided at one 
end of the amplification fiber 2, the plane of polarization of the 
pumping light outputted from one end of the amplification fiber 

25 2 is turned by 90 degrees by the polarization plane holding fiber 

34 having the main axis connected with the same twisted by 90 degrees , 
and the pumping light is again inputted into one end of the 
amplification fiber 2 through the PBS 33. 

[0083] 

30 (Embodiment 1 of the optical relay) 

Fig. 7 shows a first embodiment of an optical relay 
constructed by using a Raman amplif ier according to the invention, 
and is an example of an optical relay that is inserted into an optical 
fiber transmission line 8 and compensates a loss in the same optical 

35 fiber transmission line 8. The optical relay is such that a rare 
earth doped fiber amplifier 10 (hereinafter called an "EDFA" ) is 
connected to a part behind the Raman amplifier shown in Fig. 1, 
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Fig. 2 and Fig. 3, and is such that a signal light to be transmitted 
through the optical fiber transmission line 8 is inputted into the 
Raman amplifier 9 and amplified therein and is further inputted 
in the EDFA 10 and amplif ied therein, and finally output ted to the 
5 optical fiber transmission line 8. The gain may be adjusted at the 
Raman amplifier 9 side or may be adjusted at the EDFA 10 side, or 
may be adjusted at both thereof, wherein the loss in the optical 
fiber transmission 8 is devised so as to be compensated as a whole . 
In addition, by combining differences between the wavelength 
10 dependency of the gain that the EDFA 10 has and the wavelength 
dependency of the Raman amplifier 9, it is possible to reduce the 
wavelength dependency of the gain, which the EDFA 10 has, by the 
wavelength dependency of the Raman amplifier 9 . 
[0084] 

15 (Embodiment 2 of the optical relay) 

Fig. 8 shows a second embodiment of the optical relay that 
is constructed by using the Raman amplifier according to the 
invention. The optical relay shown in Fig. 7 is such that an EDFA 
10 is provided before the Raman amplifier 9. 

20 [0085] 

(Embodiment 3 of the optical relay) 

Fig. 9 shows a third embodiment of the optical relay that 
is constructed by using the Raman amplifier according to the 
invention, and is such that a Raman amplifier 9, in which a 

25 dispersion compensating fiber (DCF) is used between two EDFAs 10 
as an amplification fiber 2. A bifurcating coupler 23 that 
bifurcates output light from the Raman amplif ier 9 and a monitor 
signal detecting and LD control signal generating circuit 24 that 
monitors the bifurcated light and controls the gain of the Raman 

30 amplifier 9 are provided between the Raman amplifier 9 and the EDFA 
10 therebehind. The monitor signal detection and LD control signal 
generating circuit 24 is a circuit that is able to keep the output 
power of the Raman ainplif ier 9 at an appointed value. Also, where 
the Raman amplif ier 9 itself is provided with an output light power 

35 controlling means 4 shown in Fig. 4 and Fig. 5, the power of the 
pumping light is controlled so that the power of the output light 
becomes an appointed value and at the same time, a deviation in 
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level between a plurality of output signals can be decreased. 
[0086] 

In the optical relay shown in Fig. 9, there is no case where 
the output light level of the Raman amplifier 9, that is, the input 
5 light level into the second EDFA 10 is influenced by a loss in the 
DCF and an output level of the first EDFA 10, and the level is kept 
on a fixed value. This guarantees that, wherein the output of the 
relay is prescribed, the gain of the second EDFA 10 is kept on a 
fixed level. Therefore, it is possible to prevent the flattening 

10 of the gain of the second EDFA 10, resulting from a fluctuation, 
etc., in the loss of the DCF, from deteriorating. Further, if the 
first EDFA 10 is controlled so as to become fixed, a fluctuation 
in input into the first EDFA 10 is compensated by a fluctuation 
in the gain of the Raman amplifier 9. That is, the adjustment of 

15 the relay gain can be carried out by only the gain of the Raman 
amplifier 9, wherein it is possible to completely prevent the 
flattening degree due to the fluctuation in the gain of the EDFA 
10 from deteriorating. 
[0087] 

20 (Embodiment 4 of the optical relay) 

Fig. 10 is an optical relay that is provided with a 
controlling means for monitoring the optical level and adjusting 
the gain of the Raman amplifier 9 between the first EDFA 10 and 
the Raman amplifier 9. By using this, the pumping light can be 

25 controlled so that a difference in level between the input and 
output of the Raman amplifier 9 can be kept on a fixed level, whereby 
unevenness in the loss of the DCF can be compensated . 
[0088] 

(Embodiment 5 of the optical relay) 

30 In the above-described embodiment, Fig. 11 is an example in 

which the gain flattening and monitoring mechanism secured in the 
Raman amplifier 9 is shifted to the output end of the relay and 
is used as a monitor to flatten the gain of the entire relay. In 
this case, the first EDFA 10 and EDFA 10 may be of either of fixed 

35 gain control or fixed output control. The power of the respective 
pumping lights is individually controlled so that a deviation in 
level between the output signals of the relay output . 



34 



[0089] 

(Embodiment 6 of the optical relay) 

By using a dispersion compensating fiber for an 
amplif ication fiber 2 of the Raman amplifier constructed as shown 
in Fig. 1 through Fig. 3, the optical relay according to the 
invention may be constructed so as to compensate a wavelength 
dispersion of the optical fiber transmission line 8 and compensates 
a part or all of the loss in the optical fiber transmission line 
8 and the amplification fiber 2 . 
[0090] 

(Embodiment 7 of the optical relay) 

In the respective embodiments of the above-described optical 
relay, it is possible to construct an optical relay provided with 
a Raman amplif ier 9 employing a pumping light generating means 1 
as shown in Fig. 41 through Fig. 44. 

[0091] 

(Embodiment 8 of the optical relay) 

A WDM coupler 13 is inserted halfway of the amplification 
fiber 2 of the Raman amplifier 9 as shown in Fig. 29 through Fig. 
32, and the residual pumping light that is propagated to the 
amplif ication fiber 2 and is from the pumping light generating means 
1 is made incident into an optical fiber transmission line 8 through 
a WDM coupler 27 in the optical fiber transmission line at the input 
side or the output side of the Raman amplifier 9, whereby it is 
possible to produce a Raman gain in the optical transmission line 
8. In addition, in Fig. 29 through Fig. 32, 26 denotes an optical 
isolator. 
[0092] 

(Embodiment 9 of the optical relay) 

As shown in Fig. 33 through Fig. 36, where the optical relay 
is composed of a Raman amplifier 9 and an EDFA 10, a WDM coupler 
13 is inserted halfway of the amplification fiber 2 of the Raman 
ainplifier 9, and the residual pumping light that is propagated to 
the amplif ication fiber 2 and is from the pumping light generating 
means 1 is made incident into the EDFA 10, thereby making the same 
into a pumping light/ an auxiliary pumping light of the same EDFA 
10. Also, in Fig. 33 through Fig . 36, 26 denotes an optical isolator . 



[0093] 

Effects of the Invention 

As described above, in the Rainan amplifier according to the 
5 invention, by selecting a wavelength of a pumping light source so 
that the spacing of the center wavelength is 6nm or more but 35nm 
or less and a difference between the maximum value of the center 
wave length and the minimum value thereof is lOOnm or less, it is 
possible to provide an optical amplifier that has less dependency 

10 on a wavelength in connection with a loss to such a degree that 
no gain flattening filter is used, and is able to keep the flattening 
degree even if the gain changes. Also, it is possible to apply the 
optical amplifier as an optical relay that compensates a loss in 
a transmission line and dispersion in wavelength. In a relay 

15 constructed so as to be combined with an EDFA, the relay can suppress 
a fluctuation in gain of the EDFA due to a fluctuation in input 
of the relay and a fluctuation in loss of a DCF, and the flattening 
of gain can be prevented from deteriorating, wherein the relay can 
be applied to various applications. 

20 

Brief Description of the Drawings 

[Fig. 1] is a block diagram showing a first embodiment of 
a Raman amplifier according to the invention; 

[Fig. 2] is a block diagram showing a second embodiment of 
25 a Raman amplifier according to the invention ; 

[Fig. 3] is a block diagram showing a third embodiment of 
a Raman amplifier according to the invention; 

[Fig. 4] is a block diagram showing a first example of an 
output light power controlling means in a Raman amplifier according 
3 0 to the invention; 

[Fig. 5] is a block -diagram showing a second example of an 
output light power controlling means in a Raman amplifier according 
to the invention; 

[Fig. 6] (a) and (b) are block diagrams showing a different 
35 example of a polarization plane turning means in a Raman amplifier 
according to the invention; 

[Fig. 7] is a block diagram of a first embodiment of an optical 
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relay according to the invention; 

[Fig. 8] is a block diagram of a second embodiment of an 
optical relay according to the invention; 

[Fig . 9 ] is a block diagram of a third embodiment of an optical 
5 relay according to the invention; 

[Fig. 10] is a block diagram of a fourth embodiment of an 
optical relay according to the invention; 

[Fig. 11] is a block diagram of a fifth embodiment of an 
optical relay according to the invention; 
10 [Fig. 12] is a view explaining the reason why the spacing 

between wavelengths of a pumping light is made into 6nm or more; 

[Fig. 13] (a) and (b) are views explaining the reason why the 
spacing between wavelengths of a pumping light is made into 35nm 
or less; 

15 [Fig. 14] is a view explaining the reason why a difference 

between the maximum wavelength of the pumping light and the minimum 
value thereof is made into lOOnm or less; 

[Fig. 15] is a view explaining an example of a wavelength 
array of a pumping light in the bi-directional pumping; 

20 [Fig. 16] (a) is a view explaining a band gain where the 

pumping light power is fixed, and (b) is a view explaining a state 
where the band gain is flattened by controlling the pumping light 
power . 

[Fig. 17] (a) and (b) are views explaining characteristics 
25 regarding a design of an optical relay; 

[Fig. 18] is a view explaining the relationship between a 
fluctuation in gain of an EDFA and deterioration in the flattening 
degree; 

[Fig. 19] (a) is a view showing a state of compensating a 
3 0 fluctuation in input level by a variable attenuator; and (b) is 
a view explaining a state of compensating a fluctuation in DCF loss 
by a variable attenuator; 

[Fig. 20] (a) and (b) are views showing characteristics 
regarding a design of an optical relay in which a DCF Raman 
35 amplification effect is utilized; 

[Fig. 21] (a) is a view explaining a state of compensating 
a fluctuation in input level by a Raman amplification effect, and 
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(b) is a view explaining a state of compensating a fluctuation in 
DCF loss by the Raman amplification effect; 

[Fig. 22] is a view showing a different example of output 
spectra by the Raman amplifier; 
5 [Fig. 23] is a view showing wavelength dependency of gain 

by EDFA; 

[Fig. 24] is a view explaining a fluctuation in gain by the 

EDFA; 

[Fig. 25] is a view showing wavelength dependency in gain 
10 by the Raman amplification; 

[Fig. 26] is a block diagram showing a method for monitoring 
input light and controlling output light power; 

[Fig. 27] is a block diagram showing a method for monitoring 
output light and controlling the output light power; 
15 [Fig. 28] is a block diagram showing a method for monitoring 

input light and output light and controlling the output light power; 

[Fig. 29] is a block diagram showing a first example of a 
method for transmitting the residual pumping light of the Raman 
amplif ier to an optical fiber transmission line and securing a Raman 
20 gain; 

[Fig. 30] is a block diagram showing a second example of a 
method for transmitting the residual pumping light of the Raman 
amplifier to an optical fiber transmission line and securing a Raman 
gain; 

25 [Fig. 31] is a block diagram showing a third example of a 

method for transmitting the residual pumping light of the Raman 
amplifier to an optical fiber transmission line and securing a Raman 
gain; 

[Fig. 32] is a block diagram showing a fourth example of a 
3 0 method for transmitting the residual pumping light of the Raman 
amplifier to an optical fiber transmission line and securing a Raman 
gain; 

[Fig. 33] is a block diagram showing a first example of a 
method for utilizing the residual pumping light of the Raman 
3 5 amplifier as pumping light of the EDFA; 

[Fig. 34] is a block diagram showing a second example of a 
method for utilizing the residual pumping light of the Raman 
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amplifier as pumping light of the EDFA; 

[Fig. 35] is a block diagram showing a third example of a 
method for utilizing the residual pumping light of the Raman 
amplifier as pumping light of the EDFA; 
5 [Fig. 36] is a block diagram showing a fourth example of a 

method for utilizing the residual pumping light of the Raman 
amplifier as pumping light of the EDFA; 

[Fig. 37] is a view explaining deterioration of a noise index 
by insertion of a dispersion compensating fiber; 
10 [Fig. 38] is a view explaining the number of pumping 

wavelengths of the Raman amplifier and characteristics of an 
optical relay; 

[Fig. 39] is a view explaining the number of pumping 
wavelengths of the Raman amplifier and characteristics of an 
15 optical relay; 

[Fig. 40] is a block diagram of an optical relay in which 
a plurality of Raman amplifiers are connected in multilayers; 

[Fig. 41] is a block diagram showing one example of a pumping 
light generating means having a single pumping light source; 
20 [Fig. 42] is a block diagram showing another example of a 

pumping light generating means having a single pumping light 
source; 

[Fig. 43] is a block diagram showing one example of a pumping 
light generating means having two pumping light sources ; 
25 [Fig. 44] is a block diagram showing another example of a 

pumping light generating means having two pumping light sources; 

[Fig. 45] is a block diagram of a Raman amplifier in which 
a dispersion compensating fiber is made into an amplification 
fiber; 

30 [Fig. 46] is a block diagram showing one example of the 

conventional optical relay;, and 

[Fig. 47] is an optical level diagram in the optical relay 
in Fig. 46 . 

35 Description of Reference Numbers 

1 Pumping light generating means 

2 Optical fiber 
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3 Fabry- Perot type semiconductor laser 

4 Output light power controlling means 

5 External resonance unit 

6 Polarization multiplier 

5 7 Polarization plane turning means 

8 Optical fiber transmission line 

9 Raman amplifier 

10 Rare earth doped fiber amplifier 
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Fig. 1 

Signals 
5 Signals 

Pumping light 

A part of the signals 

A majority of the signals 

Fig. 7 
10 Fig. 41 

Fig. 42 

Page 14 

Fig. 2 

Signals 
15 Signals 

Pumping light 

A part of the signals 

A majority of the signals 

Fig. 3 
20 Signals 

Signals 

Pumping light 

Pumping light 

A part of the signals 
25 A majority of the signals 

Fig. 8 

Fig. 9 

Input 

9 Raman amplifier 
30 LD control signal 
Output 
Fig. 10 
Input 

LD control signal 
35 9 Raman amplifier 

Output 
Page 15 



Fig. 4 

Amplification side 
Output side 
To LD 3 
5 Fig. 5 

Amplification side 
Output side 
To LD 3 

Fig. 6(a) and (b) 
10 Fig. 11 
Input 

9 Raman amplifier 

10 EDFA 
Output 

15 Fig. 12 

Spacing between the minimum wavelengths of pumping light source: 
6nm 

Band width of pumping light source: 3nm 
Band width of pumping light source: 3nm 
2 0 Width of a band where a loss in the WDM coupler is large: 3nm 
Page 16 
Fig. 13 (a) 
Pumping power 
35nm or more 

2 5 Wavelength 

Fig. 13 (b) 
Gain 

3 5nm or more 
Wavelength 

3 0 Fig. 26 

9 Raman amplifier 

Pumping light control signal 
Fig. 14 
Pumping light 
35 Approximately 13THz 
Gain 

To prevent overlap ; 
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Fig. 15 

The center spacing is 6nm or more but 35nm or less 
Fig. 28 

9 Raman amplifier 

5 1 Pumping light generating means 

Fig. 43 
Fig. 27 

9 Raman amplifiers 

Pumping light control signal 
10 Page 17 

Fig. 16(a) 
Power 

Fixed control of pumping light 
Adequate wavelength spacing 
15 Gain 

Wavelength 
Fig. 16(b) 
Signal power 

Gain flattening control by output signal monitor 
20 Set value 
Power 

(The wavelength spacing is narrower than the optimal value) 
Fig. 17(a) 

Relay specifications 
25 Relay input 

Relay output 

DCF sacrifice selling 

Fig. 17(b) 

EDFA design example 
30 Amplifier 1 gain 

Amplifier 2 gain 

Relay gain 

Fig. 18 

Relationship between a fluctuation in gain of the EDFA and 
35 deterioration of flattening degree thereof 
Mean gain increase 
Flattening degree deterioration 
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Ideal EDFA characteristics 
Mean gain decrease 
Flattening degree deterioration 
Gain 
5 Wavelength 
Fig. 19 

(a) Compensation of a fluctuation in input level by a variable 
attenuator 

Light level 
10 Amount of attenuation 
Level fixed 
Gain fixed 

Adjustment is made in advance so that the input value of DCF becomes 
fixed where Pin+A. 
15 Amplifier 1 
Attenuator 
DCF 

Amplifier 2 

(b) Compensation of a fluctuation in DCF loss by a variable 
2 0 attenuator 

Light level 
Total loss fixed 

Adjustment is made in advance so that the input value of the DCF 
becomes fixed where the input value of the DCF is LD+A. 
25 Level fixed 
Page 18 
Fig. 20 
(a) 

Spec i f i ca t i ons 
30 Relay input 
Relay output 
DCF sacrifice selling 
(b) 

Amplifier 1 
35 Amplifier 2 
Raman gain 
Relay gain 
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Fig. 21 

(a) Compensation of a fluctuation in input level by the Raman 
amplification effect 
Raman gain 

5 To be fixed when the output end of DCF is Pin+ (at the DCF 

output end) 
Amplifier 1 
DCF 

Amplifier 2 
10 (b) 

Compensation of a fluctuation in DCF loss by the Raman amplification 

effect 

Amplifier 1 

DCF 

15 Amplifier 2 

Fig. 22 

Fig. 44 

Page 19 

Fig. 23 
20 Fig. 24 

Mean gains 

Wavelength 

Fig. 40 

8 Transmission line 
25 9 Raman amplifier 

9 Raman amplifier 
9 Raman amplifier 

8 Transmission line 
Page 20 

30 Fig. 29 

9 Raman amplifier 

8 transmission line 
Signal light 
Residual pumping light 

35 8 Transmission line 

Fig. 30 

9 Raman amplifier 
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8 Transmission line 

8 Transmission line 

Residual pumping light 
Page 21 
5 9 Raman amplifier 

8 Transmission line 
Residual pumping light 
Fig. 32 

9 Raman amplifier 
10 8 transmission line 

Signal light 

Residual pumping light 

Fig. 33 

9 Raman amplifier 

15 10 Rare earth doped fiber amplifier 
Residual pumping light 
Page 22 

9 Raman amplifier 

10 Rare earth doped fiber amplifier 
20 Residual pumping light 

Fig. 35 

9 Raman amplifier 

10 Rare earth doped fiber amplifier 
Residual pumping light 

25 Fig. 36 

9 Raman amplifier 

10 Rare earth doped fiber amplifier 
Residual pumping light 

Page 23 
30 Fig. 37 

Deterioration of noise index due to insertion of dispersion 
compensating fiber 

Without Raman amplification 

With Raman amplif ication 
35 Amount of deterioration of noise index 
Wavelength 
Fig. 38 
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Number of pimping wavelengths of Raman amplifier and 

characteristics of relay- 
Plural wavelength pumping 
Single wavelength pumping 
5 Relay gain 

Wavelength 

Fig. 45 

Fig. 46 

Transmission line 
10 Relay input 

Transmission line 
Relay output 
Page 24 
Fig. 39 

15 Number of pumping wavelengths of Raman amplifier and 

characteristics of relay 

Plural wavelength pumping 
Single wavelength pumping 

Noise index of relay 
20 Wavelength 

Fig. 47 

Light level 

Relay input end 

DCF input end 
25 DCF output end 

Relay output end 
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